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Executive summary 

This is a desktop review of the 2025 stock assessment of Snapper (Chrysophrys 
auratus) in the New South Wales (NSW) region, Australia, by the Department of 
Primary Industries and Regional Development (DPIRD), NSW by Drs John Stewart, 
Ashley Fowler and Geoffrey Liggins (Stewart et al. 2025 Draft). 

I have provided details regarding the following observations and recommendations: 

• The assessment here is concerned with the east coast Snapper from the Queensland 
border in the north to Eden in southern NSW as the management unit, which appears 
justified based on the biological characteristics of the species. 

• The current catch history reconstruction makes reasonable assumptions and is 
acceptable although further thought on handling catch error, discards and an evaluation 
of additional information provided regarding early historical catches is warranted. 

• Methods used to standardise commercial CPUE appear appropriate and follow standard 
procedures as used for other accepted assessments. Further justification is needed to 
support the breaking of CPUE series in 2009 and non-consideration of fishing power 
change and hyperstability. Investigation of generalised linear mixed modelling and the 
Vector Autoregressive Spatio-Temporal (VAST) procedure is encouraged. 

• Available commercial trap fishery age-at-length data from 2018, 2020 and 2022 was 
dropped from the model that conflicted with the observed length frequency data for 
those years. I agree that this inconsistency requires investigation. 

• Various recommendations have been made for improvement in the assessment base 
model configuration including: assume default age error values of 0.5 until true values 
are calculated, use F=wt*(a+b*wt) for fecundity, leave estimation of extra SD for 
abundance indices turned on, estimation of an initial F at the start of the historical catch 
period, start the model at 1940 as a sensitivity, attempt growth parameter estimation 
after some simplification of the growth implementation, account for catch history 
uncertainty. 

• R4SS produces warnings from the base model and a number of those can be easily 
addressed. 

• R4SS diagnostics highlight issues that require investigation including: the estimated 
spawning biomass has little error suggesting that uncertainty in inputs should be 
additionally accounted for, large Pearson residuals for young fish for trap selectivity 
show a changed pattern that appears to correspond with minimum length regulation 
change, a poorly estimated commercial trap selectivity parameter could be fixed. 

• Recruitment residual bias adjustment and tuning of effective sample sizes for length and 
age-at-length compositions appear to follow good practice. 

• I recommend that changes of minimum legal length regulations be accounted for within 
the model using retention curves as part of selectivity, and plausible discard mortality 
estimates (potentially from similar species) be used to allow dead discards to be 
estimated by the model. 
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• The selection and suitability of the Stock Synthesis stock assessment framework for the 
assessment is appropriate, while perhaps equally competent assessment approaches 
are also available such as C++ Algorithmic Stock Assessment Laboratory (CASAL), 
State-spaced Assessment Model (SAM) and Woods Hole Assessment Model (WHAM). 

• Running simpler data-poor models in parallel with a more data-rich SS implementation 
allows useful comparisons particularly regarding the inclusion of composition data in a 
more data-rich assessment, but also some comfort if final stock status results are 
comparable such as Just Another Bayesian Biomass Assessment (JABBA). 

• The current base model lacks evidence regarding uncertainties in model inputs, 
alternative model structures and additional diagnostics to support acceptance of recent 
productivity change. Improved validation should be carried out prior to use of projections 
that assume a recent systematic change in average recruitment. 

• A more comprehensive set of sensitivity tests allows improved scientific judgement of 
the importance of various parameters and data sets for model fit and results. 

• The Snapper assessment  would be  greatly improved  via the  application additional  
diagnostics to  give scientific,  management  and stakeholder  confidence  that the  chosen  
base model  has been  sufficiently validated.  Suggestions include evidence  of model  
convergence  (jittering or  MCMC),  residual  analysis (e.g.  runs tests),  likelihood  profiles  
(R0  in particular),  retrospective  analyses,  an  age-structured  production  model  to  
determine  whether  complex dynamics of  the  integrated model  can  largely be  explained  
by the  production  function and catches,  and  hindcast cross-validation.  

• Spatial structure becomes more important if the management unit is at a finer level than 
coast wide. The current assessment of the single NSW stock from the Queensland 
border to Eden in southern NSW is justified from a scientific and management 
perspective. Biological characteristics of Snapper do vary with latitude, particularly 
regarding growth, maturity and spawning. A stock assessment that takes these spatial 
differences into account is possible to build, but would likely require good, disaggregated 
length and/or age-length data for each of the spatial sub-units. An evaluation could be 
made of what data might support such a model. Localised depletion of spatial sub-units 
within the current coast wide assessment is not accounted for. Should management 
require assessment of the Snapper stock at a more localised scale, then an examination 
is required of what localised data would support such an assessment. 

• Surveys of juvenile Snapper have the potential to provide substantial information on 
stock dynamics of direct use for stock assessment, and the development of surveys in 
estuarine regions in NSW should perhaps be given the highest priority for 
development/collection of new data sets for NSW Snapper. 

• It is a standard research recommendation to develop fishery-independent abundance 
indices for fisheries that do not have them. How this might be cost-effectively achieved 
for NSW Snapper should be considered – e.g., close-kin genetic analysis. 

• Bridging analysis deserves consideration for future NSW Snapper assessments. 
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1 Review activities 

This is a desktop review of the 2025 stock assessment of Snapper (Chrysophrys 
auratus) in the New South Wales (NSW) region, Australia, by the Department of 
Primary Industries and Regional Development (DPIRD), NSW by Drs John Stewart, 
Ashley Fowler and Geoffrey Liggins (Stewart et al. 2025 Draft). I was invited to do the 
review after agreeing on the Terms of Reference (Appendix 1) and a work program of 9 
days to be completed between 25 November and 15 December 2025. I received the 
assessment document and associated SS3 files for the base-case assessment on 25 
November and attended a one hour on-line briefing with the assessment authors on 26 
November where review expectations were discussed and I obtained answers to some 
of my preliminary questions regarding the assessment. During our briefing I mentioned 
some text that I had written from and unpublished earlier review of a Queensland and 
NSW Snapper assessment that has relevance for historical catches in NSW, here 
added as Appendix 3. I forwarded this text to John Stewart after the briefing. John 
Stewart provided me with a total landings summary by Ocean Zone (latitude) from 1985 
to 2024 on 26 November that I requested to better understand catch by area. Using the 
draft stock assessment for information I sourced documents of importance for the 
review with some additions provided by John Stewart as listed in Appendix 2. 

Having access to the model files was necessary for this review to allow me to duplicate 
assessment results and run my own diagnostics. File sharing with NSW was enabled 
using Microsoft OneDrive. I have some R code that produces a standardised summary 
of principal SS stock assessment settings that allows comparison across many 
assessments. I compared NSW Snapper assessment settings with many Australian, US 
and other Stock Synthesis (SS) assessments. I have found such a comparison useful in 
highlighting potential anomalies. A summary of these findings as well as some initial 
thoughts on potential improvements to the assessment were provided to John Stewart 
on 3 December. After examination the output of R4SS on a converged base model run I 
sent initial comments on those diagnostics to John Stewart on 8 December. I completed 
the review on 15 December and sent my draft report to the authors for comment 
particularly on any factual errors. Comments were received by 22 December without 
requiring any changes. I thank all who I have had contact with for this review, in 
particular John Stewart who provided electronic background documents and model files 
and answers to my questions during the review. 
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2 Review of stock assessment of Snapper in NSW 

2.1  Terms  of reference  for  the review  

This stock assessment report for Snapper (Chrysophrys auratus) was developed to 
inform the harvest strategy for Snapper in New South Wales (NSW). Review the 
robustness of the NSW Snapper stock assessment, and its suitability to inform a 
harvest strategy based on estimates of spawning biomass. Specifically review to 
provide comment on: 

1. Review the adequacy of the data, model assumptions and the Stock Synthesis 

input and control files to achieve the objectives of the stock assessment. 

2. Provide advice on the suitability of the modelling approach used in the 

assessment and identify possible alternative approaches. 

3. Provide advice on the use of recent average recruitment, rather than using the 

long-term average, and the associated requirement for constant catch projections 

rather than application of the harvest control rule. The advice should include how 

many years of recent recruitment to average if using this approach. 

4. Comment on the sensitivity tests and alternative model scenarios and whether 

they adequately captured uncertainty. 

5. Review and comment on the model diagnostics. 

6. Recommendations for future stock assessments for Snapper in NSW, including 

consideration of spatial structure and the potential for new data sources (e.g. 

fishery-independent sampling, recruitment surveys). 
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2.2  Findings  according to  terms of reference   

2.2.1   Review  the  adequacy  of  the  data,  model assumptions  and the  Stock  
Synthesis  input  and  control files  to  achieve  the  objectives  of  the  stock  
assessment.  

2.2.1  a.  Assumed stock boundary  as a management unit  

Snapper (Chrysophrys auratus) is an important commercial and recreational species for 
NSW but are also significant food fish in other mainland States of Australia, Japan and 
New Zealand. 

Genetic sampling has confirmed the presence of two biological stocks on the east coast 
of Australia with a region of overlap at about Eden in southern NSW (Morgan et al. 
2019). This current assessment is concerned with the biological stock that occurs from 
Rockhampton in Queensland to Eden in NSW. 

The biology of Snapper suggests that the east coast biological stock comprises sub-
stocks linked to estuaries and other protected inshore waters where juveniles are 
recruited and grow, before moving as adults to marine nearshore reef areas. While 
some individuals have been recorded by tagging as travelling large distances of more 
than 1,000km, most sub-adults and adults remain resident in the local reef areas. These 
biological characteristics are likely to result in regional sub-populations with sufficient 
cross-mixing to make them genetically indistinguishable, but important within stock 
assessment timeframes where localised depletion is possible. Latitudinal variation in 
growth and spawning time off NSW emphasises the relatively isolated nature of these 
sub-stocks. 

It is therefore feasible from a biological viewpoint to delimit a unit stock for management 
purposes for Snapper at a sub-stock level or an aggregation of them. There has been 
general research into appropriate scales for stock assessment where different regions 
have been subjected to different catch histories. Those conclude that the assessment 
scale is best matched with the scale used to manage the stock. Cope and Punt (2011), 
for example, found from simulations that “The single-area assessment slightly 
outperformed the multiple-area assessments when the scale of the assessment 
matched that of the true management scale, regardless of catch history”. 

The assessment here is concerned with the east coast Snapper from the Queensland 
border in the north to Eden in southern NSW as the management unit, which appears 
justified. 

2.2.1 b.  Assumptions used in the estimation  of harvest sizes  

This assessment attempts to estimate total Snapper catch throughout the history 
commencing in 1880 – landings plus dead discards. Total catch appears to have 
peaked at about 1,300t in 1980 and is currently less than 300t. Good records of 
commercial landings commence in 1940 and recreational fishing from 2000. 
Exponential hindcasting was used to model historical catch from 1940-1946 to 100t by 
1900 and then back to about 60t in 1880. Information exists suggesting that 
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considerable catches of Snapper were made prior to 1880 and catches at that time may 
have been in the order of 200t. I have included details of this in Appendix 3. 

Commercial catch has comprised more than half of the total from 1940 to present with 
trap dominating throughout, and with a fairly consistent ratio by fleet each year. The 
order of stock assessment importance as measured in catch by fleet since 1940 is 
therefore commercial trap, recreational, commercial line. 

Recreational catches were hindcast from 2000 to 1940 using coastal population 
statistics and modelled recreational fishing participation rates based on a small number 
of surveys that applied to various years. 

For an assessment that does not account for discards and discard mortality, estimates 
of that are simply added to the total catch, which for this assessment was an additional 
6% for each fleet. Further research to better include the available fleet-specific discard 
rate estimates is warranted. An improved approach includes accounting for discards via 
selectivity which is discussed in more detail later. 

The full catch history reconstruction appears to have made good use of the available 
information which has resulted in a single best estimate catch time-series. I agree that 
the current constructed catch history makes reasonable assumptions and is acceptable 
although further thought on handling catch error and an evaluation of the information in 
Appendix 3 is warranted. 

   2.2.1 c. Assumptions used in the analysis of catch rates 

Commercial logbook formats have  changed  through  time  from  monthly aggregated  data  
for trap only from  1984/85  to  1996/97  to  trap and  line  from  1997/98 to  2008/09 and  daily  
reported  data  for  both  methods from  2009/10  to  2022/23. The  assessment  document  
states that catch-per-unit-effort data  were  standardised  using  general linear models in  
the  R package  ‘cede’ (v.0.0.4, Haddon  2018)  applied  to  natural log-transformed  catch  
rate  and  explanatory variables used  included  authorised  fisher (as a  proxy for boat),  
latitude (one  degree  band as reported), month, and  also depth of capture (median  depth  
fished  on  the  day) in  the  more recent daily reported  data.  Akaike’s  Information  Criterion  
(AIC)  was used  to  select model terms  and  ordering, and  interactions were  included.  Q-
Q plots (I have seen  much better fits than these) and a table of residual and model sum-
of-squares and  AIC values for model terms were  included  in  the  assessment as  
Appendix 1. Separate  standardisations were made  for commercial trap  1984/85-
2008/09, 2009/10-2022/23  and  commercial line  1997/98-2008/09, 2009/10-2022/23  due  
to  the  differences in  available data  to  each  of those  series. Results were  compared  to  
generalised  linear models using  a  gamma  distribution  with  a  log-link and  minimal  
difference  was found.  The  methods used  appear appropriate  and  follow standard  
procedures as used for other accepted  assessments.   

Some  previous Snapper assessments have  included  unbroken  standardised  series of  
e.g.  1984-2019  for both  the  NSW  commercial trap  and  line  fisheries  (Unpublished  
assessment, QLD). Improved  justification  is required  to  support the  breaking  of those  
series as  has  been  done  here, as the  newly necessary q  change  in 2009  likely has  
considerable  influence  on  the  assessment results.  For example,  it  may  be  that  
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examination of standardisation of the daily data has revealed important differences in 
trend not accounted for if aggregated monthly to conform with earlier data. 

I suggest an evaluation of generalised linear mixed models and Vector Autoregressive 
Spatio-Temporal (VAST) (Thorson et al. 2015, Thorson 2019) as a potentially improved 
procedure as this method has recently become a popular choice for standardisation of 
CPUE data particularly on the US west coast. 

Change in fishing power has not been considered for this Snapper assessment 
although a substantial amount of effort has been expended on it in the past such as in 
Wortmann et al. (2018) from work by Sumpton et al. (2013) and Thurstan et al. (2016a). 
An “Inter-Jurisdictional Snapper Workshop” held in 2017 recommended assuming 
“reduced” fishing power increase for NSW commercial trap catch rates, and 
“approximate” fishing power increase for NSW commercial line catch rates. Accounting 
for fishing power is not commonly done with fishery-dependent abundance data of this 
type but is widely recognised as an important source of possible bias. I have 
commented previously for earlier Snapper assessment reviews that the work done to 
collect relevant information and to account for uncertainty through application of various 
fishing power scenarios seems to be a good approach to this difficult, important, and 
often ignored issue. Some justification seems to be required as to why fishing power 
change has not been considered here. 

Hyperstability, particularly for the commercial line fishery has also been mentioned in 
earlier assessments but is not discussed in this Snapper assessment at all except as a 
potential avenue for future research. I recommend the addition of some 
acknowledgement of the issue as raised in the past, even if no resolution is proposed. 

2.2.1  d.  Confidence in model inputs

Confidence in model inputs depends on the correct use of appropriate assessment 
configuration, while making full use of input data and estimating properties specific to 
the stock to allow total population estimation for management. The 2025 stock 
assessment of NSW Snapper was developed using Stock Synthesis (SS) (Methot and 
Wetzel 2013). 

On substantial data sets not currently used, the assessment noted commercial trap 
fishery age-at-length data from 2018, 2020 and 2022 that conflicted with the observed 
length frequency data for those years, causing the model to estimated radically low 
recruitment deviations. These recent age-at-length data were subsequently removed 
from the base-case model pending investigation of otolith interpretations and fishery 
sampling from those years. I agree that the source of this inconsistency be examined. 

I have some R code that produces a standardised summary of principal SS stock 
assessment settings that allows comparison across many assessments. I compared 
NSW Snapper assessment settings with 20 Australian SESSF 3 Australian GAB and 81 
US/IATTC/ICCAT assessments. I have found such a comparison useful in highlighting 
potential anomalies. 
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The  base  case  assessment is relatively simply structured  and  can  be  summarised  as  
follows:  SS  ver  3.30.22.1  run  in  2025, 4  fleet (1 Commercial trap  2  Commercial line  3  
Recreational 4  Historical), 2  sex but growth  set equal for each,  41  ages, 1  area, 1  
season, 1  spawning  season, 2  CPUE fleets  1  and  2, 0  fishery independent  surveys,  
start year 1880  end  year 2022, 0  catch  in equilibrium  start,  0  discards, length  
observations from  fleets 1  and  2, pop  length  bins 4  to  108  width  1cm  and  data  length  
bins 81, 42  age  bins from  0  to  41, no  age  compositions, age-at-length  composition  from  
fleet 1, age  error defined  as default and  not calculated  from  data  (max 0.001), no  
environmental variables, 2  time  blocks (before and  after 2009), fixed  single M, von  
Bertalanffy growth with  L1 & L2, all growth parameters fixed, first mature age  1, fecundity  
F=a*L^b  with  a  and  b  same  as for length-weight,  no  hermaphroditism,  stock-
recruitment R0 estimated, sigma  r, steepness etc fixed, main  recdevs estimated  from  
1984  to  2020,  rec dev  bias adjustment tuned, initial F  all  fleets set  to  zero, q  extra  SD  
not estimated, q  time  blocked, selectivity domed  double  normal  for fleet 1  logistic  
asymptotic for remaining fleets,  age and length comp variance adjustments tuned.  

Most of the settings are not unusual. The model is effectively 1 sex as growth and is 
identical and fixed male and female. The default age error matrix used says that ageing 
is exact and without error. I suggest using values of 0.5 for all ages until a true matrix 
can be constructed from the data. Age error is normally low for young ages to higher for 
older, but my suggestion comes from an average of the ranges that I have access to 
across many species but can still be considered arbitrary. Using the fecundity 
relationship F=a*L^b requires identical parameters as for the weight-length relationship 
as done here when defaulting to F=wt as is usual. It is an improvement to use 
F=wt*(a+b*wt) with a=1 and b=0 to be explicit in the assessment about how fecundity 
and weight are related, and to avoid future confusion if length-weight parameters are 
revised. It is unusual for recent assessments to not estimate q extra SD which allows a 
more flexible fit of the model to CPUE. The assessment document explains that the 
extra SD was unnecessary so turned off, but I recommend leaving it on – particularly to 
avoid overlooking it in future assessments. This assessment uses two time blocks to 
allow different q values to be estimated for different time periods for fleets 1 and 2. This 
is unusual, appears to be required, and implemented as intended. 

Stock assessment results are often highly dependent on the method used to set model 
starting conditions, and model starting year is one of those main considerations. There 
are two commonly used approaches to creating a stock assessment where historical 
catches are highly uncertain. The first is to exclude the historical period from the 
assessment and to estimate an equilibrium starting fishing mortality at the start of a 
more recent data-rich period. The second is to attempt to make plausible estimates of 
catch by sector for the full exploitation history back to a year where fishery impacts were 
minimal, usually as several sensitivity scenarios. There is no correct approach, and both 
are used, often one to the exclusion of the other (e.g. see Stewart and Martell, 2015). 

I have notes in the Appendix that show that catches prior to 1880 were not insignificant. 
I suggest accounting for this by estimating a starting fishing mortality (F) for the 
historical fleet and potentially making some adjustment of the early catches for that 
fleet. I also suggest a sensitivity test that starts with an equilibrium F in about 1940 that 
could shed light on the importance or otherwise of the early catch estimates. 
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As there is a  considerable amount of age-at-length  data  available  for this assessment it  
seems  possible  to  allow estimation  of some  growth  parameters. It  is normal to  start with  
the  equivalent of Linf  while recognising  that  the  SS  von  Bertalanffy parameterisation  
uses L1  and  L2. This might be  best facilitated  by simplifying  to  a  one  sex model or two  
sex using  parameter offsets  for males (fixed  0) where single parameters can  then  be  
switched  on  to  be  estimated. Estimation  of growth  within the  assessment better  
accounts for the  interaction  of  growth  and  selectivity.  If  ageing  has  used  multiple  
readers in  some  cases, then  priority should  be  given  to  the  calculation  of  an  appropriate  
age  error matrix.   

Uncertainty in catch history is a common problem in fisheries assessments, but that 
uncertainty should be accounted for in assessment results. Errors in total catch can be 
dealt with in various ways. Firstly, alternative plausible catch scenarios can be 
developed at least for sensitivity testing. Alternative scenarios based on differing 
assumptions regarding historical catches prior to 1940 seem appropriate for this 
assessment. Secondly, estimation of starting F at differing times can be used as 
described above. Thirdly, SS allows error to be directly entered as data for any annual 
catch estimate. Caution is required for this as this may have consequences for model 
stability but is certainly something that also deserves investigation. I recommend that an 
effort is made to account for historical catch uncertainty in this assessment. 

I ran  R4SS  on  the  base  model (ofr<-SS_output(covar=T, dir=".",ncols=207)).  
Convergence  was verified  according  to:  no  parameters estimated  at a  bound, gradient  
relatively small, and  the  Hessian  matrix was invertible.  There  are a  lot  of warnings that  
should be  addressed  –  optimally there would be  no  warnings. Some  relate  to  
differences in data  and  population  length  bins  which  can  be  addressed  by making  them  
the  same.  Some  relate  to  starting  with  an  R0  far  from  the  estimated  value. There  
appears to  be  a  new  protocol  for Fcast_yr. Many relate  to  input catches  that can  be  
overridden. None  appear to  be  critical errors affecting  the  output  results of the  base  
model current status.  

The absolute spawning biomass series produced by the model (Figure 1) shows almost 
no uncertainty, reflecting that most of the important input parameters are fixed. This 
indicates little uncertainty in model results due to parameters estimated by the model. I 
recommend attempts to estimate additional important parameters such as growth as 
discussed above, and even possibly M. Other recommendations I have made for model 
improvement should result in greater model stability, thus allowing more ambitious 
estimation of these parameters. 
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Figure 1 Base case spawning biomass series and uncertainty 

Tuning of effective sample sizes for length data appears to be incomplete based on 
mean observed and effective sample sizes that I am used to seeing – particularly for 
Commercial line (Figure 2). However, the iterative Francis TA1.8 mean-length weighting 
procedure seems to have been followed as described in the assessment document, so 
tuning appears to follow good practice. It would be useful to include a reference for the 
procedure used – I assume Francis (2011) and Punt (2017). 

Figure 2 Observed vs effective sample sizes for the commercial line fleet 

There are large Pearson residuals for the trap fleet to the left of the dome selectivity that 
changes from under-selection to over-selection in about 2001 (Figure 3). I see that this 
corresponds to a change in minimum legal length from 28cm to 30cm in 2001 from 
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Table 1 in the assessment document, but I am unable to determine whether this applies 
to all catch or just recreational only. A clarification is required in assessment document 
Table 1. 

This leads to a wider discussion about handling of discards and discard mortality. There 
are three main ways for dealing with discards in a stock assessment: (1) estimate them 
outside of the assessment and then add them to the total catch, (2) create a discard 
fleet within the assessment which probably requires good length/age composition data 
for support of the selectivity assumptions and (3) estimate discards within the model 
using selectivity retention curves and discard mortality estimates. Use of method (1) as 
done for this assessment effectively assumes that the length/age composition for 
discards is the same as for the retained catch. We know that for valuable species such 
as Snapper that this is unlikely to be the case, and that discards are more likely to be 
smaller caught fish and particularly those below the minimum legal length according to 
fishery regulations. Accounting for minimum size regulations is a fairly simple addition to 
fishery selectivity, and I believe method (3) can be used for Snapper even without 
supporting length/age composition data for discards – although any such data would be 
very useful. Knife-edge (or steep logistic) retention could be added to the model for all 
fleets based on minimum legal length regulations. These can be time-blocked to allow 
for any changes. I do see however that aggregated commercial length frequency data 
contain peak catch at about 26cm which is curious and potentially complicates matters. 
This could most probably be accounted for by adjustment of the shape of retention 
curves. It would also be necessary to explain how the landings do not appear to follow 
minimum length regulations if they do apply to the commercial fisheries. Additional dead 
discards could then be removed from total catches and discards estimated by the model 
as a check on plausibility of results. Assumptions are required about discard mortality, 
but I believe it is feasible to make plausible estimates for that, or to borrow known 
values from similar species elsewhere, or to test alternatives via sensitivity analysis. 
Discard estimation in this way should improve the appearance of residuals shown in 
Figure 3. 

Figure 3 Pearson residuals for the fit of commercial trap length compositions 
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The  Size_DblN_top_logit parameter for Commercial trap  selectivity likelihood  range  is  
very wide  suggesting  that fixing  that parameter may allow the  stability to  estimate  other  
more important model  parameters such  as growth  and/or M. Parameter correlations  
also show that  this  parameter has  very low  correlation  with  others in  the  model.  The  SS  
user manual  (Methot et al. 2023) has a  discussion  about  estimation  of  double  normal  
selectivity parameters that seems relevant under “Parameter Priors” starting  on  P220.   

Figure 4 Likelihood density plots for parameters estimated by the base model 

2.2.2  Provide  advice  on the  suitability of  the  modelling approach  used in the  
assessment and identify possible alternative approaches.  

The 2025 stock assessment of NSW Snapper was developed using Stock Synthesis 
(Methot and Wetzel 2013). This offers numerous advantages, such as the ability to 
incorporate various types of input data, even if they are incomplete, verification via 
simulation of the basic dynamics and many assessment options, and a multitude of 
assessment configurations. It also allows for the fitting of growth within the assessment, 
employs suitable procedures for estimating parameter uncertainty, enjoys widespread 
application globally with numerous prior uses, and features automated techniques for 
the production and presentation of model diagnostics. 
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However, there are certain drawbacks associated with SS, including a steep learning 
curve and the potential risk of improper usage of its numerous options. I agree with the 
selection and suitability of the stock assessment framework and recognize that there 
are potentially equally competent alternatives available, such as the C++ Algorithmic 
Stock Assessment Laboratory (CASAL). Other alternatives that allow flexible use of 
various types of potentially incomplete length and/or age composition data as well as 
the usual abundance indices include the State-spaced Assessment Model (SAM) and 
Woods Hole Assessment Model (WHAM). Searchable sources of such modelling 
frameworks exist online in such places as the NOAA Stock Assessment Toolbox and 
the Australian FRDC Stock Assessment Toolbox. 

Running simpler data-poor models in parallel with a more data-rich SS implementation 
allows useful comparisons particularly regarding the inclusion of composition data in a 
more data-rich assessment, but also some comfort if final stock status results are 
comparable. This would often be the case for assessments mostly driven by trends in 
catch and abundance indices as the Snapper assessment appears to be. More recently 
one such simplified model used for this purpose has been state-space JABBA (Winker 
et al. 2018). 

2.2.3  Provide  advice  on the  use  of  recent  average  recruitment,  rather than using  
the  long-term average, and the  associated requirement  for constant catch  
projections rather than application of  the  harvest control rule. The  advice  should  
include how many  years of recent recruitment to average if using this approach.  

It was noted in the assessment document that the base model estimated below average 
recruitment for many of the past 20 years, which is suggestive of a productivity regime 
shift. Guidance on when to accept whether such a shift has occurred is available (Klaer 
et al. 2015). It was also noted that other regional stocks have also shown such 
characteristics (e.g. Burch et al. 2023). Based on guidance from Klaer et al. (2015) I 
believe that at this stage it would not be possible to accept productivity regime change 
for Snapper using that weight of evidence approach. Key evidence which is deficient at 
present are that the uncertainties in model inputs are poorly understood and that 
alternative model structures that investigate key productivity parameters using 
diagnostics such as retrospective analysis are unavailable. It needs to be demonstrated 
that plausible adjustment of model structure does not resolve the recent below average 
recruitment issue. Further work on diagnostics for validation of the current model should 
be undertaken and is discussed later. 

Adjustment of average recruitment levels for projections is done for some stock 
assessments after sufficient justification of the base case and exploration of model 
structural issues (e.g. Burch et al. 2023). It is not possible to use standard SS forecasts 
for such projections but a procedure that uses converged parameter values to make 
single forecasts using nominated vectors of recruitment and catch is possible and 
appears acceptable. This does however negate the ability to follow the usual 
implementation of forecasting using a standard form of harvest control rule. 

If we assume that the current base case has been explored sufficiently to rule out 
biased results due to model structural issues, then this leaves choice of a suitable 
recent period to use for projected average recruitment. Ideally, if there has been a 
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productivity shift, then the model is reconfigured to estimate a different stock-
recruitment relationship for the recent period which can be used directly (e.g. Wayte 
2013 for SESSF Jackass morwong). Failing that, an analysis of model recruitment 
deviations such as shown in Figure 10 of the assessment document could be made to 
justify an objectively optimal period that appears to capture a change in systematic 
behaviour. At the simplest level it is perhaps justifiable at least as a basis for a plausible 
scenario to assume that the most recent residuals will likely continue, and a short period 
such as 5 years could be selected as done for this assessment. 

2.2.4  Comment  on the  sensitivity  tests and alternative  model scenarios  and  
whether they  adequately captured uncertainty.  

For an assessment that used a base-case and sensitivity scenario approach, adequacy 
could be defined as whether the base-case provides a representative mid value among 
potential alternative models that adequately explore known major uncertainties. In 
addressing this, it would be useful if assessment documents provided a table that 
summarises those uncertainties and how the assessment has addressed them. 

In  Table 1  I present my own interpretation  of a  list of uncertainties for the  current  
Snapper assessment  and  their  associated  questions. I haven’t  included  population  
spatial structure here because  this is assumed  to  apply to  a  single  area  model such  as  
the  current  assessment.  Most commonly  for assessment documentation,  such  
questions are  converted  to  alternative  scenarios that  are  examined  more  thoroughly via  
sensitivity analyses.  A  comprehensive sensitivity analysis would attempt to  examine  as  
many  of  those  uncertainties as possible.  The  relative  importance  of  uncertainties is  
often judged according to their influence on the stock assessment results.  

Table 1 Dimensions of uncertainty and level potentially addressed via alternative model scenarios 

Uncertainty Degree 
addressed 

Comments/questions 

Total catch Minimal A single best estimate for historical catches was 
mostly used. An alternative scenario with lower 
recreational catch was examined as a sensitivity 
test. 

Fishery CPUE as a 
reliable indicator of 
abundance 

Partial A change in recording procedure for the commercial 
logbook in 2009 has been accounted for by a 
change in q. Fishing power change and CPUE 
hyperstability are not investigated. 

Steepness Yes Sensitivity to different fixed steepness values around 
the base-case value was examined. 

Natural mortality Yes Sensitivity to different fixed natural mortality values 
around the base-case value was examined. 

Recruitment 
variability 

Minimal A single tuned and fixed value of 𝜎𝑅 was examined. 
Implications of estimated recent low recruitment for 
projections were explored. 

Discard selectivity 
and mortality 

No A single scenario of total dead discards was added 
to estimated landings to construct the historical 
catch series. 
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The current assessment included sensitivity tests for 5 scenarios: lower and higher 
natural mortality, lower and higher steepness and lower estimated recreational catch. A 
more comprehensive set of sensitivity tests (e.g. see Burch et al. 2023) allows improved 
scientific judgement of the importance of various parameters and data sets for model fit 
and results. Included here is an example of a more comprehensive presentation that 
includes likelihood components (Table 2). I believe that inclusion of changes in 
likelihood components for such a table gives insight that is unavailable otherwise. 
Likelihood values in such a table are not statistically comparable when the weighting for 
data sets were modified (here by simple lambda adjustment multiplier) or the number of 
model parameters was changed, but it is still useful to see how other model 
components are affected by such adjustments. 

     Table 2 Example comparison of likelihood components among sensitivities 

Case  SSB0  SSB2014  SSB2014/SSB0  M  RBC2014  RBClongterm  

0  base case 20:35:43  h  0.75  M  est  9,321  4,200  0.45  0.2367  1,146  1,106  

1  steepness  h  0.65  9,625  4,051  0.42  0.2399  1,034  

2  steepness  h  0.85  9,097  4,334  0.48  0.2344  1,164  

3  natural mortality  M  0.19  9,243  2,919  0.32  0.1900  872  

4  natural mortality  M  0.27  9,659  5,235  0.54  0.2700  1,319  

5  age comp weighting  0.5  8,963  3,865  0.43  0.2375  1,051  

6  age comp weighting  2  9,311  4,366  0.47  0.2358  1,117  

7  age comp weighting  4  9,331  4,718  0.51  0.2333  1,117  

8  length comp weighting  0.5  9,132  3,816  0.42  0.2340  1,087  

9  length comp weighting  2  9,016  4,490  0.50  0.2418  1,077  

10  recruitment to 2007/08  9,507  4,685  0.49  0.2379  1,134  

11  no FIS  9,699  5,210  0.54  0.2422  1,179  

Note: the 2014 RBC value is only shown for fully tuned models. 

Case Likelihood 

TOTAL Survey+CPUE 
Length 
comp  

Age  
comp  Recdevs Parm_priors Other 

base case 20:35:43  h  0.75  
0  M  est  3523.13 -17.40 214.85 3337.11 -11.69 0.26 0.00 

1 steepness h 0.65 1.15 -0.01 0.22 0.32 0.49 0.13 0.00 

2 steepness h 0.85 -0.80 0.03 -0.17 -0.22 -0.34 -0.10 0.00 

3 natural mortality M 0.19 55.02 -0.83 2.39 52.19 1.28 -0.01 0.00 

4 natural mortality M 0.27 18.69 1.04 -0.37 17.77 0.22 0.03 0.00 

5 age comp weighting 0.5 218.11 -0.25 -19.01 235.15 2.02 0.20 0.00 

6 age comp weighting 2 -113.41 0.71 17.48 -131.59 0.05 -0.07 0.00 

7 age comp weighting 4 -158.29 1.95 31.91 -193.64 1.58 -0.10 0.00 

8 length comp weighting 0.5 -102.75 -1.34 20.02 -120.08 -1.28 -0.07 0.00 

9 length comp weighting 2 251.57 1.75 -23.94 269.02 4.52 0.23 0.00 

10 recruitment to 2007/08 0.85 0.32 0.46 -0.29 0.35 0.01 0.00 

11 no FIS -1.23 5.85 -1.06 -6.96 0.94 0.00 0.00 

Common  stock  assessment practice  is to  choose  a  “most  likely”  model from  a  range  of  
plausible  alternatives, and  to base  management advice mostly on  that base case  as has  
been  done  here.  However, it  is increasingly recognised  that  the  uncertainty  as  
estimated  from  a  single base  case  (determined  either asymptotically or by MCMC)  
normally underestimates what  is probably closer to  true  uncertainty as captured  by a  
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range of alternative models based on plausible scenarios. In other words, model 
structural uncertainty is normally greater than that estimated within any selected model 
scenario. Model averaging and ensemble models are gaining favour to more correctly 
account for stock assessment uncertainty (e.g. see Millar et al. 2015, Kapur et al. 2025). 

2.2.5  Review and comment on the model diagnostics  

Diagnostics  as they  apply to  the  SS  implementation  and  examined  via R4SS  have  
already been  discussed  above. Discussed  here will  be  those  diagnostics used  primarily  
for model  validation  that might apply more  generally to  any integrated  assessment  
model. Such  validation  is important to  communicate  confidence  in  models that fit  the  
available  data,  meet statistical assumptions,  are  ecologically plausible, and  are  robust  
to  new or removed  data. There  has been  considerable  work  recently via international  
workshops and  publications to  determine  good  practices for model diagnostics –  e.g.  
Carvahlo et al. (2019) and  Kapur et al. (2025). Suggestions include  evidence  of model  
convergence  (jittering  or MCMC), residual analysis  (e.g. runs tests), likelihood  profiles  
(R0  in particular), retrospective  analyses, an  age-structured  production  model to  
determine  whether  complex  dynamics of the  integrated  model  can  largely be  explained  
by the production function and catches, and  hindcast cross-validation.  

The Snapper assessment would be greatly improved via the application of such 
diagnostics to give scientific, management and stakeholder confidence that the chosen 
base model has been sufficiently validated. Some recent assessments I have seen (e.g. 
Curin-Osorio et al. 2025) have implemented a good range of these recommended 
diagnostics. 

2.2.6  Recommendations for future  stock  assessments  for Snapper  in  NSW,  
including consideration of  spatial structure  and the  potential for new data  
sources (e.g. fishery-independent sampling, recruitment surveys).  

Spatial structure becomes more important if the management unit is at a finer level than 
coast wide. As discussed earlier, assessment of the NSW stock from the Queensland 
border to Eden in southern NSW is justified from a scientific and management 
perspective. It has been recognised that biological characteristics of Snapper do vary 
with latitude, particularly regarding growth, maturity and spawning. A single stock 
assessment that takes these spatial differences into account is possible to build, but 
would likely require good, disaggregated length and/or age-length data for each of the 
spatial sub-units. An evaluation could be made of what data might support such a 
model. Localised depletion of spatial sub-units within the current coast wide assessment 
is not accounted for. Should management require assessment of the Snapper stock at a 
more localised scale, then an examination is required of what localised data would 
support such an assessment. 

A survey of juvenile Snapper from Moreton Bay was developed and used in a previous 
QLD east coast Snapper assessment for some model runs that proved very useful but 
probably indicative for the Moreton Bay region alone. Such surveys have the potential to 
provide substantial information on stock dynamics of direct use for stock assessment, 
and the development of comparable surveys in estuarine regions in NSW should 
perhaps be given the highest priority for development/collection of new data sets for 
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NSW Snapper. Juvenile surveys from these areas should provide almost immediate 
information on the degree of correspondence of recruitment events among sub-regions, 
greatly assisting with determination of the importance of sub-stock structuring in the 
assessment. 

It is a standard research recommendation to develop fishery-independent abundance 
indices for fisheries that do not have them. Whether this is possible is normally 
determined by the value and importance of the fishery. How this might be cost-
effectively achieved for NSW Snapper should be considered – e.g., close-kin genetic 
analysis. This is a significant problem for this fishery as it is reasonable to expect that 
catchability change and hyperstability of fishery-dependent abundance indices will be 
an on-going problem for future stock assessments. 

Where assessments are regularly made for the same species using the same modelling 
framework, an opportunity arises to provide an audit trail that comprehensively and 
transparently shows model changes since the last assessment – commonly called a 
bridging analysis. Such a bridging analysis involves examination of absolute spawning 
biomass and recruitment trends over time after the application of sequential changes to 
model source code version revision, structural assumptions, changes to fixed parameter 
values or priors, and the inclusion of recent data (source by source where possible – 
catch, index, age and length composition by fleet). This provides a continuum from the 
previous assessment to the current base-case. Such a process (or an improvement on 
it) could be considered in the future for any regular SS assessments by DPIRD. It is 
understood that a detailed bridging analysis may not be required if the absolute biomass 
and recruitment series have changed little from one assessment to the next, but 
experience says that this is rarely the case. 
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Appendix 1 Terms of reference 

Stock assessment of Snapper (Chrysophrys auratus) 

Terms of reference for independent peer review 

Background 

This stock assessment report for Snapper (Chrysophrys auratus) was developed to inform the harvest 
strategy for Snapper in New South Wales (NSW). 

Terms of reference for the review 

Review the robustness of the NSW Snapper stock assessment, and its suitability to inform a harvest 
strategy based on estimates of spawning biomass. Specifically review to provide comment on: 

7. Review the adequacy of the data, model assumptions and the Stock Synthesis input and 

control files to achieve the objectives of the stock assessment. 

8. Provide advice on the suitability of the modelling approach used in the assessment and 

identify possible alternative approaches. 

9. Provide advice on the use of recent average recruitment, rather than using the long-term 

average, and the associated requirement for constant catch projections rather than 

application of the harvest control rule. The advice should include how many years of 

recent recruitment to average if using this approach. 

10. Comment on the sensitivity tests and alternative model scenarios and whether they 

adequately captured uncertainty. 

11. Review and comment on the model diagnostics. 

12. Recommendations for future stock assessments for Snapper in NSW, including 

consideration of spatial structure and the potential for new data sources (e.g. fishery-

independent sampling, recruitment surveys). 

A formal written report of the findings of the review is to be provided to a nominated person from 
NSW DPIRD. The written review and review author identification may be released and made 
publicly available. 

Confidentiality 

NSW DPIRD  will  be  responsible for  the  external  release of  the  final  report  or any  information  
contained within the  report.  In seeking  this  review,  the  draft  results and  report are   confidential.  
They are  not  to  be  publicised  to anyone outside  of  the  review  process,  until  DPIRD’s approval  
for  external  release.   

Costs 

An estimate of cost is to be provided based on these terms of reference. DPIRD will provide the 
final approval to commence the review once final agreement is reached. 

Timeframe 

The review and subsequent written report are to be provided within the agreed timeframe. 
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Appendix 3 Unpublished notes by N Klaer on NSW Snapper historical catches 

Starting conditions for the snapper assessment currently assume relatively low catches 
and near unfished conditions in 1880. However, there is evidence that snapper, 
particularly in the Sydney region may have been considerably affected prior to 1880. I 
include the following as the reference may be difficult to obtain but recognise that those 
who have already investigated the snapper exploitation history have probably seen it. 

Tenison-Woods (1882) draws heavily on  records of the  Royal Commission  into  fishing  
(1880) and  provides a  good  description  of  the  snapper fishing  grounds and  the  forms of  
exploitation  prior to  1880, particularly in the  vicinity of Sydney, but as far as  the  Tweed  
river to  the  north  and  Twofold Bay to  the  south  (particularly pp  128-142). It  describes  
considerable declines in catches in the “home grounds” close  to  Sydney.  

“Port Jackson, although  not very many years ago  holding  a  very high  rank among  our  
fishing-grounds for all kinds of the best  net  fish, is now scarcely regarded as a  source of  
supply  at  all.  And  this is owing  not  so  much  to  the  pollution  of its  waters by  the  
sewerage  of a  large  city, or their  constant  disturbance  by the  traffic of innumerable  
vessels, as to  the  ceaseless and  often  wanton  process of netting  to  which  every bay  
and  flat has been subjected to  for the past fifteen  or twenty years.”  

“Equally prolific have  the  outer or schnapper grounds at  and  near the  mouth  of this river  
[the Hawkesbury] been to the line  fishermen. These  are to be  found  in great variety from  
Cape  Three  Points to  the  South  Head  of  Broken  Bay.  Off  the  North  Head  of the  Bay,  
and  again off  Little  Head,  situated  a  few  miles to  the  southward,  there  occur several  
schnapper  grounds  of high  renown,  which  a  few years ago  kept as  many as a  dozen  or  
more boats in full  work for the  Chinese  fish-curers, who  were then  engaged  in  a  large  
business on  Schnapper-man’s Flat,  Pittwater, but who  have  now  entirely abandoned  
Broken  Bay as a  fishing  station. Twenty and  thirty dozen  “count” fish  (i.e.,  fish  weighing  
each  6lb or over), were often taken by two men on these  grounds.”  

“This [Coogee]  is a  favourite  fishing-ground  for the  various fishing  clubs which  pursue  
their  recreation  in  steam  launches  and  steam  tugs, and  by  sheer  force  of numbers  and  
the  ease  with  which  they are  able to  shift  from  one  spot to  another without any  picking  
up  of heavy kellicks or beating  to  the  windward, are  able  to  count out more fish  on  a  fair  
day’s ‘outing’ than  any of our professional fishing  crews.  A  thousand  fish,  we are  
informed, is not an  extraordinary catch  for some of these clubs.”  

On  more distant grounds: “We  have  been  told of fixed  nets being  used  in Tuggerah  
Lake  enclosing  an  area  more than  half a  square mile  of water, having  meshes so  small  
that  nothing  could  escape.”  “We  cannot leave  this ‘Lake’ section  of  our  northern  fishing  
grounds, as it might very aptly be  termed,  without  expressing  an  emphatic opinion  as to  
the  urgent necessity of protecting  by some  effective  legislation  these  magnificent  
‘nurseries’ from  any further destruction  by nets of unlimited  length  and  diminutive  mesh,  
such  as an  eye-witness has  told us have  at one  haul frequently  brought to  shore  a  ton  
or more of small fish, for no  better purpose than to be left to rot there.”  

Returns of fish  to  the  Eastern Market  at Wooloomooloo  averaged  about 2,000  dozen  
snapper per year from  1873  to  1879.  If  an  average  weight of 6lb (2.72kg) per fish  (the  
minimum  for  a  “count”  fish  above, uncertain  if this  is a  representative  average  for all  
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marketed snapper at the time) is assumed, this amounts to about 65t per year. That 
would be the fresh commercially caught fish, excluding catch marketed elsewhere, 
recreational catch, and catch made further afield that was cured. An estimate of total 
annual catch of 200t seems within plausible bounds for that period. The effects of 
netting on juvenile snapper may have been severe locally and is not accounted for in 
catch statistics at all. 

Tenison-Woods, J.E. 1882. Fish and Fisheries of New South Wales. Thomas Richards, 
Government Printer, Sydney. 213pp. 
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