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2 Executive Summary 
2.1.1   Background 

The quota species within the SESSF are managed using stock assessments to estimate 
recommended biological catches (RBCs) for each species, which after considering State 
catches, discards, social, economic, and indigenous requirements, lead to a Total Allow-
able Catch (TAC). This occurs in the context of the Commonwealth Harvest Strategy 
Policy (HSP). The principle conservation requirement in the HSP is that a fished stock 
should stay above the Limit Reference Point (LRP) at least 90% of the time. To ensure 
this happens, a tiered set of harvest strategies have been developed each with their own 
data requirements, stock assessment method and decision control rule. The HSP was 
introduced in 2007 and since then it has become apparent that even the relatively data-
limited Tier 3 and 4 harvest strategies are not appropriate for some quota species and 
may be providing misleading management advice. The HSP is currently under review 
and this seems likely to expand the need for stock assessments, even for data-poor mi-
nor or by-product species. These issues meant there was an urgent need for a higher Tier 
than Tiers 3 and 4, which would be able to handle the spectrum of data-poor fisheries 
from those with only limited catch data to those with biological information as well as 
detailed catches. 
 
In this present work, Management Strategy Evaluation (MSE) was used to test some of 
the factors that can lead to the assessment methods in the existing harvest strategies be-
ing inappropriate for assessing the status of some species. This aspect of the project fo-
cused on the effects of sample size (precision) and of bias on the outcomes of Tier 3 and 
4 assessments applied to lightly and highly depleted stocks.  
 
MSE was also used to test and compare seven different data-poor methods ranging from 
simple median, average, and 3rd highest catch estimates (for truly catch only data), and 
model assisted catch-only methods that included the Depletion-Corrected Average 
Catch, the Depletion-Adjusted Catch Scalar, and the Depletion-Based Stock Reduction 
Analysis (which are aimed at species for which some biological information is also 
available). The MSE tested data-poor scenarios where the initial depletion level was in 
fact either heavily depleted, on target, or only lightly depleted. The data-poor methods 
were applied to each of these scenarios while assuming the simulated stocks were also 
in each of these states (thus each assumption was tested against each simulated reality to 
determine how sensitive each method was to making incorrect assumptions). The main 
candidate Tier 5 methods were also applied to three species for which there were well 
developed Tier 1 assessments so as to illustrate typical outputs and the strengths and 
weaknesses of the methods.  
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2.1.2   Objectives 

The objectives of the project were to: 

1. Establish guidelines, using SESSF case studies, for when the particular tier harvest 
strategy for a given stock becomes inappropriate and make explicit recommenda-
tions as to what response would then be appropriate, 

2. Determine options for alternative harvest strategies when none of the present tiers 
is appropriate (i.e. potential Tier 5 approaches), and 

3. Produce presentations and explanatory documents for distribution across RAGs and 
MACs, describing the criteria and new Tier 5 harvest strategies. 

Each of these was addressed during the project, with the third objective, an extension of 
the findings to RAGs, MACs, and other stakeholders, expected to extend beyond the 
life of the project. 

2.1.3   Recommendations 

• The measures of central tendency (median catches, 3rd highest catches, maximum 
constant yield) were useful for truly data-poor species. 

• The model assisted assessment methods, depletion corrected average catch (DCAC) 
and depletion based stock reduction analysis (DB-SRA) provide more details and 
estimates of risk associated with their sustainable catch estimates.  

• Assuming stocks to be only lightly depleted risks over-fishing in data-poor species. 
• Data-poor assessment methods and their reporting should be automated, as much as 

possible, to produce recommended biological catch levels for chosen species.  
• The outputs of the DCAC and DB-SRA are greatly influenced by the assumed initial 

depletion and final depletion levels. The RAGs should approve the levels selected 
for each species which use these methods.  

• The final depletion level selected for the DB-SRA influences the outcome so a range 
should be explored for each assessment to make the RAG aware of the risks associ-
ated with each assumed level. 

• The SESSF RAGs, perhaps with MAC agreement, will need to decide which species 
currently assessed using either Tier 3 or Tier 4 should be nominated to be assessed 
using one of the Tier 5 methods. Given the amount of information available for cur-
rently assessed SESSF species it should be possible to use the DB-SRA. 

• Depending on the requirements within the revised Harvest Strategy Policy (HSP), 
the RAGs will also have to decide what approaches should be used with any new 
species included in the HSP. 

• The Tier 5 candidate approaches examined do not constitute an exhaustive list. The 
development of data-poor assessment methods and related harvest strategies is not a 
static field and notice should be taken of future data-poor assessment methods as 
they become available (in particular the Catch-MSY method and its potential deriva-
tives). 

 
Keywords 
Flathead, School Whiting, Jackass Morwong, Management Strategy Evaluation, MSE, 
SESSF, Tier 3, Tier 4, Tier 5, data-poor 
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3 Introduction 

3.1 Background 
The SESSF has had a tiered set of harvest strategies in place since 2007, and the as-
sessment methods and harvest control rules specific to each tier have since been for-
mally management strategy evaluation (MSE) tested to ensure that they meet the Com-
monwealth harvest strategy policy objectives (Little et al., 2011; Wayte, 2009; AFMA 
Project 2006/815, FRRF Project RUSS). This testing highlighted some problems with 
existing strategies and provided solutions which were implemented (Wayte and Klaer, 
2010). There are two major issues remaining with the current tiered system: (i) to an-
swer when it is most appropriate to move species from one tier to another (when is a 
given tier inappropriate), and (ii) how to assess particularly data-poor species that have 
CPUE indices that do not appear to reflect abundance or may only have a relatively 
short time-series of representative catch data. Generally, the Tiered harvest strategy ap-
proach implemented in the SESSF appears to be performing well (Smith et al, 2014). 
However, as with all systems, continued improvement and accounting for exceptions as 
they arise is required.  
 
At present, the most data-poor tier level in the SESSF is the Tier 4 harvest strategy that 
uses current and target CPUE and catch levels to determine an RBC. One of the as-
sumptions required for the Tier 4 approach to be valid is that CPUE provides a reliable 
index of relative abundance for the species (Haddon, 2014). It is becoming increasingly 
clear that CPUE is not a reliable index of abundance for a number of current Tier 4 spe-
cies, so there is a need for an alternative harvest strategy and tier for such species. One 
species, royal red prawn (Haliporoides sibogae), has been recognised by the resource 
assessment group as not appropriately fitting within any of the existing tiers and yet, 
because there is no current alternative, a Tier 4 analysis continues to be used. Similarly 
with the Tier 3 approach, the management advice for some species has been highly 
variable from year to year (e.g. Mirror Dory) and its reliability with some species has 
been questioned (another failure of the underlying assumptions; Klaer, 2014) so alterna-
tives are required.  
 
Various procedures for assessing the status of data poor species that do not have a reli-
able index of abundance or snapshots of age information have been examined for Aus-
tralian Commonwealth fisheries (FRRF project RUSS and FRDC project 2010/044), 
providing a list of candidate data-poor Tier 5 methods that could be recommended for 
use in the SESSF. In comparison to tiered assessment approaches implemented by other 
nations, Australia is unusual in that the SESSF does not have a procedure, for example, 
that uses catch history alone to arrive at TAC recommendations (e.g. New Zealand uses 
a Constant Annual Yield and the USA now often uses the Depletion-Based Stock Re-
duction Analysis approaches; Dick and MacCall, 2011). Globally, there are on-going 
efforts to develop workable stock assessment methods and related harvest strategies for 
such data-poor stocks; with, for example, a Wakefield Symposium on Data-Poor Ap-
proaches being held in May 2015. There is good reason to conclude that there are many 
options that could be used to bridge the gap between the currently available tiers in the 
SESSF and the Ecological Risk Assessment (ERA), which, of course, does not provide 
the RBC required for by-product and minor species. 
 
The current internationally recognised approach for testing new harvest strategies, in-
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cluding assessment methods and harvest control rules, is Management Strategy Evalua-
tion (MSE). This project used MSE to examine the performance of identified data-poor 
procedures to compare their outputs with existing results for Tier 1 species in the 
SESSF. In addition, the effect of precision and accuracy of data collected from the fish-
ery (how representative the data is of the stock in question) on the performance of exist-
ing Tiers 3 and 4 was tested to determine the potential effect of each on the performance 
of those harvest strategies.  
 
As MSE is now a global standard for the testing of alternative harvest strategies and as-
sociated data requirements, the SESSF is now well placed to focus this powerful proce-
dure on a wide range of actual fishery problems. While the method is standard, the 
range of potential problems that could be examined is limitless, so care is required to 
direct effort to well identified major issues. The objectives of this project were formu-
lated based on high priority problems in the SESSF identified by AFMA, SESSF RAGs 
and MACs, but have outcomes that will be useful for other fisheries. 
 
More details concerning the background of the particular problems within the SESSF 
and the context in which they occur are provided in Appendix 10 (page 27). 

3.2 Current Research 
The idea of using a fishery’s catch history as a means of assessing stock status has led to 
some intense debate in the literature. Pauly (2013) argues that if all that is available is 
catch-data then efforts must be made to use that data, and more fisheries should at least 
have catch data collected. Hilborn and Branch (2013), however, argue that catch-data 
alone will be misleading so often that it is dangerous to use such methods to provide 
management advice. The strategy of using MSE testing of such harvest strategies is 
more effective than merely arguing about their potential value and potential biases and 
can provide increased clarity to the debate about when catch-only methods are useful 
and when they are not; the need for such formal testing applies to all catch-only data 
methods. 
 
This project examines an array of data-poor assessment methods, but those considered 
do not constitute an exhaustive list of possible methods. For example, the fishery status 
classification of Anderson et al. (2012) extends the methods originally proposed by 
Froese and Kesner-Reyes (2002) to assess stock status using only the time series of 
catch data (as a proportion of the peak maximum catch). By examining stocks with full 
quantitative stock assessments, they were able to categorize the sequence of develop-
ment of a fishery; from its early developmental stage, to full exploitation, over-
exploitation and potential collapse. This method would be difficult to implement with-
out a suitable harvest control rule, but if one could be developed it would become wor-
thy of testing.  
 
Those methods that use a form of stock reduction analysis are essentially attempting to 
identify plausible combinations of population dynamics that would at least be consistent 
with the observed catches. Martell and Froese (2014) have taken that idea and produced 
a method that explores the region of plausible dynamics by including a simple model of 
those dynamics. By using a simple Schaefer surplus production model and setting 
bounds on the parameters of that model, biomass trajectories that are inconsistent with 
the observed fishery can be eliminated (i.e. the observed catches might lead some com-
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binations to go extinct or to expand well above the hypothetical carrying capacity). By 
conducting a Monte Carlo analysis of the possibilities and using the outcomes of the 
plausible model parameter set, Martell and Froese (2014) are able to generate estimates 
of MSY along with uncertainty estimates about the management statistics. 
 
Martell and Froese’s (2014) harvest strategy has similarities with the approach de-
scribed by Bentley and Langley (2012) who describe a method that employs “Feasible 
stock trajectories”, although their underlying model is more complex than that used by 
Martell and Froese (2014). 
 
Carruthers et al. (2014) provide a detailed review of data-poor assessment methods and 
a review of the literature on data-poor harvest strategies is provided by Dowling et al., 
2015a), while guidelines for the development of data-poor harvest strategies are given 
in Dowling et al. (2015b). 
 

4 Objectives 
 
There were three objectives with the first two aimed at improving current and potential 
future practice and the third aimed at communicating the outcomes from this study to 
the people who will need to implement any recommended changes. 
 
• Establish guidelines, using SESSF case studies, for when the particular tier harvest 

strategy for a given stock becomes inappropriate and make explicit recommenda-
tions as to what response would then be appropriate. 
 

• Determine options for alternative harvest strategies when none of the present tiers 
are appropriate (i.e. potential Tier 5 approaches) 

 
• Produce presentations and explanatory documents for distribution across RAGs and 

MACs, describing the criteria and new Tier 5 harvest strategies. 
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5 Methods 

5.1 Appropriateness of Selected Tiers 
The first objective here is to “Establish guidelines, using SESSF case studies, for when 
the particular Tier harvest strategy for a given stock becomes inappropriate and make 
explicit recommendations as to what response would then be appropriate.” 
 
The selection of which SESSF harvest strategy tier to use is currently based primarily 
on the available information that can be used to make an assessment of stock status. To 
be explicit about why this can be a problem, the selection does not currently take into 
account the capability of a selected tier to estimate stock status from that available data. 
The first objective therefore requires an examination of the consequences of the applica-
tion of the current Tier 3 or Tier 4 harvest strategies when the data may not be of suffi-
cient quality to support that application. Errors in observations can be categorised as 
related to precision and bias (or accuracy; Figure 11 page 45), which can be examined 
explicitly and separately in the context of SESSF tiers and species. 
 
To date, MSE work in the SESSF (Wayte 2009, Klaer and Wayte 2011, Little et al., 
2011) has assumed that sampled data from the simulated fish population are at  levels of 
precision that reflect average apparent observed levels across sampled species. It also 
assumes that sampling is random and unbiased and therefore accurately represents the 
stock. Where stocks are spatially heterogeneous or have an extensive geographical dis-
tribution and sampling occurs unevenly across different areas then biases may enter the 
data simply through uneven sampling of natural variation. In the simulated sampling 
within the MSE conducted here the precision and bias within sample collections was 
varied across all major sampled data sources (CPUE, length, age) to determine how, for 
each harvest strategy or tier, this modifies the risk to the stock, as defined by the harvest 
strategy policy (staying above the LRP 90% of the time), and to assess the ability of the 
HS to achieve and maintain the target depletion level.  
 
The effect of data precision is simplest to implement, and requires testing of a range of 
assumed variance values for sample collection from the simulated population. Data ac-
curacy (bias) is more difficult to implement but can be addressed using plausible scenar-
ios. Examples are a bias towards sampling of more longer/older fish from the popula-
tion, or a linear trend in catchability in a CPUE index. The latter specifically allows test-
ing of the effect of gear/vessel improvements over time (often termed ‘effort creep’) 
that may not have been accounted for in CPUE standardisations, and how that may af-
fect the outcome of the application of the Tier 4 harvest strategy. A total of 36 different 
combinations of bias and precision were tested with 18 on Tier 3 and 18 on Tier 4 
(Table 6 page 52).   
 
Specific details and equations of how bias and precision were implemented in the MSE 
and illustrations of how they influence the simulated fisheries data are provided in Sec-
tion 12.3 (page 45). 
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5.2 Management Strategy Evaluation 

5.2.1  Introduction to MSE 

A SESSF management strategy evaluation (MSE) simulation framework has already 
been developed (Wayte 2009, Fay et al., 2009; Klaer and Wayte 2011; Little et al., 
2011), and provides a flexible platform for testing harvest strategies as they apply to 
SESSF species in particular, but also more generally. New projects requiring MSE test-
ing thus no longer require the development time for the detailed operating model that 
incorporates uncertainty with the dynamics of a fish stock, sampling of data required for 
stock assessment, and the implementation of established SESSF harvest strategies. 
   
The stock assessment methods and harvest strategies proposed here are new, however, 
and hence require adjustments to the simulated sampling of data collected from the fish-
ery to examine effects of different levels of precision and accuracy. It also requires the 
implementation of new data-poor assessment methods and harvest control rules. How-
ever, these modifications to the existing system are relatively minor, thus allowing this 
proposal to be built as a one-year project, with greater focus on planning and running of 
appropriate simulations and interpretation of the results.  
   
It is standard practice to base MSE testing on species for which good information is 
available, so that the results across a full range of harvest strategies can be compared (in 
this case Tiers 1 to 5). The SESSF data rich species used in the following analyses were 
Tiger Flathead (Neoplatycephalus richardsoni) and School Whiting (Sillago flindersi), 
and testing is carried out under a range of stock depletion levels for each species, in-
cluding being above, at, and below the target depletion level (initial depletion levels 
used were 0.18B0, 0.48B0, and 0.78B0). The intention of this was to determine whether 
each assessment method tested was capable of recovering a depleted stock, maintaining 
it close to the target, and of fishing a stock down in a controlled fashion.  
 
The Tier 1 harvest strategy in the SESSF involves a fully quantitative stock assessment, 
which has a variety of standard data sources including length and age composition and 
also an abundance index (generally in the SESSF this is CPUE). In the case where one 
of those sources contains an unknown bias, if the bias is sufficiently or consistently 
large the assessment will show a conflict among data sources, thereby allowing recogni-
tion and investigation of the source of that bias, and dealing with it in some way, at least 
in alternative model structures via sensitivity analysis. However, Tiers 3 and 4 both rely 
on a single source of input data (age composition and CPUE trends, respectively), 
which implies that such biases would not be detected.  
 
The MSE and its details are described in the Appendix in Section 11 (page 36). 

5.2.2  Summary Statistics used to Compare Relative Performance 

To compare the relative performance of each Tier’s methods under different conditions 
or the relative effectiveness of the different candidate Tier 5 methods, four performance 
statistics were estimated and plotted for each of the scenarios run. These statistics were: 
1) the average annual catch, 2) the spawning biomass depletion relative to the unfished 
spawning biomass, 3) the average annual variability in the catch across the projection 
period, and 4) the probability of the spawning biomass going below the limit reference 
point (20%B0). Formal descriptions and related equations are provided in section 12.3.5 
(on page 53). 
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5.2.3  The Effects of Bias and Precision on Tiers 3 and 4 

In the MSE testing of the effects of bias and precision on the outcomes from the Tier 3 
and Tier 4 harvest strategies the MSE simulation framework for the specified stock was 
first put into an initial state of depletion by applying a known catch history and varying 
the recruitment dynamics. Only two levels of depletion were aimed for, those being a 
stock that was only lightly depleted and one that was heavily depleted. These were rela-
tive levels of depletion and were not precisely set each time because the random varia-
tion that is an important part of capturing the uncertainty when running an MSE meant 
that the initial depletion level was always slightly different. Once the initiation was 
complete the selected combination of bias and precision was applied and the population 
dynamics projected forward for 30 years. In each scenario the selected bias or precision 
was introduced in a linearly increasing fashion for the first 20 years and then continued 
for a further 10 years (e.g. see Figure 16 and Figure 17 on page 50).  For each of the 
two Tiers there were 18 different scenarios composed of different combinations of ini-
tial depletion, precision of the CPUE and sample size of the age samples, and then fi-
nally different bias levels in both the CPUE and age samples. The full list of alternatives 
are listed in Table 6 (page 52). 
 
The outcomes of each scenario are plotted as a series of boxplots by species and deple-
tion level (e.g. Figure 23 on page 62) to provide a visual depiction of relative perform-
ance. 

5.2.4  The Candidate Tier 5 Assessment Methods 

The Tier 5 methods considered can either be fixed, where a single catch level is set at 
the start of the projections, or dynamic, where there is feedback from any response of 
the stock and the analyses are updated regularly using new data from the fishery. As 
with the Tier 3 and 4, bias or imprecision would not be detectable in either of these Tier 
5 approaches.   
 
The assessment methods considered here do not include all possible methods and new 
approaches continue to be developed (e.g. Martell and Froese, 2014). The Tier 5 harvest 
strategy being explored here is unlike the other SESSF Tiers in that it will contain an 
array of possible assessment methods each of which may be able to generate an estimate 
of sustainable catch (see Figure 60). However, the notion of a species being data-poor 
covers a wide range with some species literally only having catch data while others may 
have catch and an array of biological information relating to growth, mortality, produc-
tivity, and in some cases a range of possible initial and final depletion levels. To reflect 
this range the proposed Tier 5 can be any one of a range of assessment methods with the 
final selection being a reflection of exactly what information is available and should be 
decided or at least confirmed by the RAG involved. 
 
Seven different methods were considered in the MSE testing of potential Tier 5 methods 
(Table 1). Four were purely catch-only methods that attempt to determine some form of 
central tendency of the sustainable catch for each species. The idea is that if recent 
catches have been relatively stable and the RAG involved consider that the stock status 
does not appear to have altered significantly, then the observed catches represent a sus-
tainable catch. There are numerous uncertainties with this approach, not least being that 
it is possible to sustainably over-fish a stock albeit at a lower yield than would be possi-
ble if the stock were in a less depleted state. To make partial allowance for this it is pos-
sible to use a fractional multiplier (Table 1, method 5). Alternatively, if a fishery is in 
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the process of developing, with catches exhibiting an increasing trend, then emphasizing 
early smaller catches may under-estimate the potential yield, hence the option of using 
the third highest catch from a specified period. In each case the RAG involved in the 
assessment would need to provide guidance or at least agreement for the period chosen 
over which to summarize the catches and whether or not to update the sustainable catch 
estimate and if so at what interval. 
 
These purely catch-only methods, if they are fixed and are not updated, inherently aim 
to maintain the status quo, which may be all that is required for minor by-product spe-
cies. 
 
 
Table 1. Some alternative catch-only methods for setting an RBC. T5 lists the nu-
meric code used in the diagrams and Code the two-letter code. C0..-x implies the catch 
from the current year to –x years before hand; 0..-9 is the previous ten years. 
T5 Code Brief Description RBC 
4 C3 Third highest landings over the last 10 years third highest(C0..-9) 

3 MC Median catch from the last 10 years median(C0..-9) 

3 MC Median catch from the last 3 years  median(C0..-2) 

5 CY Scaled average catch from a reference period  - MCY cY  
6 DB DB-SRA – depletion based – stock reduction analysis median(DB-SRA) 

7 DC DCAC – depletion corrected average catch median(DCAC) 

8 DA DACS – depletion adjusted catch scalar median(DACS) 

 
 
For more valuable but still data-poor species, some further more adaptable methods 
might be required. Three were tested here and more are becoming available. The three 
tested were the Depletion-Based Stock Reduction Analysis (DB-SRA), the Depletion 
Corrected Average Catch (DCAC), and the Depletion Adjusted Catch Scalar (DACS) 
(Table 1). Each of these produces not only an estimate of what should be a sustainable 
catch but also characterizes the uncertainty about the estimate. This would allow for re-
finements of the Harvest Control Rule or the specific catch level selected. For example, 
if the estimate was extremely uncertain then using some value lower than the median 
estimate of sustainable catch would be an option. Here the tests were conducted using 
the median catch. Discounts of either 0% or 25% of the predicted catch were applied to 
each of the candidate Tier 5 methods. 
 
A total of 200 different scenarios were run and compared (a full list is given in Table 9, 
page 56) but they included different initial conditions of stock depletion and assumed 
different initial degrees of depletion for each of the alternative candidate methods.  
 
Again the outcomes of each scenario were plotted as boxplots (e.g. Figure 27 on page 
69) to provide a visual depiction of relative performance. In addition, the median trajec-
tories across the 100 replicates run for each scenario were plotted up for each scenario 
to enable the longer term behaviour of each scenario to become apparent (e.g. Figure 28 
on page 70). This facilitates the interpretation of the boxplots which often represent in-
formation summed across the projection period or selected from the final year. The me-
dian values tend to be relatively smooth and gradual, which obscures known variability.  
To further communicate the form of any single trajectory five randomly selected trajec-
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tories from contrasting scenarios were plotted to illustrate typical variability expected in 
a particular fishery (e.g. Figure 29 on page 71). 
 
In an attempt to illustrate the outcomes across all scenarios succinctly, phase plots of 
catch levels versus depletion levels were made for all scenarios across species and dis-
counts (see Figure 52 on page 94) and also a table summarizing the scenarios and their 
outcomes (see Table 11 on page 95). 
 

5.3 Application of Tier 5 Methods to Current Fisheries 
To demonstrate the application of some of the Candidate Tier 5 methods and to provide 
illustrations for the third objective of communicating the new approaches to stake-
holders, the Depletion Corrected Average Catch and the Depletion-Based Stock Reduc-
tion Analysis were applied to two different species: 1) Flathead (Neoplatycephalus 
richardsoni) and 2) School Whiting (Sillago flindersi). Flathead has a time series of 
catches stretching back to 1915 (98 years) so the DB-SRA method was applied to suc-
cessively shorter sub-sets of that data to determine the effect. 
 
For the fixed methods using median or third largest catch the last 10 years (or three) 
years of historic catches were used to set the RBCs. 
 
In all cases the assumed final depletion was 48% (on target) although with the Flathead 
data an alternative final state of 35% was also run so as to illustrate the effect of altering 
the assumed end point.  
 

5.4 Communication of New Methods 
PowerPoint presentations are under development that will include the application of the 
candidate methods described here to an array of species in the SESSF to illustrate and 
formally describe the methodology and allow the RAG, MAC, and other interested 
stakeholders to become aware of and even apply the Tier 5 methods once they are 
agreed upon. 

 

Worked examples have proven to be the most effective way to demonstrate and com-
municate novel analytical techniques. This will be required to gain acceptance by the 
RAGs of these new approaches. 
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6 Results/Key Findings 

6.1 When is a particular Tier Appropriate? 
Determining the appropriateness of a particular assessment (and in the SESSF the asso-
ciated Harvest Strategy) has not been attempted formally. Ideally one would use simula-
tion testing to determine how well, given data typical of a fishery, it was possible to es-
timate the stock status performance measures (whether that is the BCurr/B0 of a Tier 1, 
the Fcurr of the Tier 3, or the scaling factor SFcurr of the tier 4). If that were known then a 
decision could be made as to how precise an estimate was necessary before a particular 
tier was deemed inappropriate. But even if this process were to be conducted regularly it 
would not capture all the possible issues concerning the appropriateness of different as-
sessments. The precision of any estimate is certainly related to how variable the data 
being used tends to be, but can also be greatly affected by whether or not the data used 
in a stock is truly representative of the stock as a whole. This assumption is again diffi-
cult to test although high levels of variation in data between years would be indicative 
that something about the sampling is not managing to encompass the full variation 
within the stock as a whole (Figure 1). 
 
 

 
Figure 1. The age samples for Blue Grenadier (Macroronus novaezelandiae; left-hand graph) 
and Blue-Eye Trevalla (Hyperoglyphe antarctica; right-hand graph) for the years 2001 – 2010 
(Klaer et al, 2014), illustrating the variation between years. Blue Grenadier shows almost ideal 
data with clear year classes progressing each year and consistency through time (although with 
some ageing error apparent in the spread around the particular strong year classes). Blue-Eye 
Trevalla, on the other hand, shows inconsistencies every year with annual progressions of year 
classes being vague and ephemeral at best. For example, 2006 and 2007 have similarities but 
differ markedly from 2008 and 2009, apparently indicating completely different age structures. 
 

6.1.1  Tier Assumptions 

A minimum requirement for a particular tier to be appropriate would be that the species’ 
biology and the available data adhere to the assumptions inherent in the methods associ-
ated with the Tiers. Klaer (2014) and Haddon (2014) list the assumptions for Tiers 3 
and 4 respectively. But meeting the assumptions is not always able to be cleanly deter-
mined. Thus, for example, for the Tier 4 harvest strategy to be valid requires the CPUE 
to actually provide an index of relative abundance. But it is not clear how far the rela-
tionship between CPUE and stock biomass can deviate from a simple linear relationship 
before the Tier 4 HS would become unworkable. Because it has previously been up-
dated each year this may correct small deviations from the assumption of linearity. This 
could be tested using an MSE framework but there are many ways in which CPUE 
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could deviate from a linear relationship with biomass and to test them all would involve 
very many simulations and a lot of time. In many cases where Tier 4 assessments have 
been known to have been invalid, the absence of an alternative that could provide catch 
level advice meant that the assessments were not rejected. The simplest example of this 
is where all the deep water Oreo species are currently assessed using the Tier 4 ap-
proach. The fundamental assumption behind the Tier 4 analyses (which use catch and 
standardized catch rate time series of data; Little et al., 2011) is that catch rates reflect 
relative abundance of the stock and are representative of the whole stock. Neither of 
these assumptions are met, especially since the advent of the 700m closure for deepwa-
ter species in Australia. Oreo catch rates vary from extremely low to extremely high, 
depending upon whether the aggregations of fish are targeted or not (Figure 2).  
 

 
Figure 2.  The log-transformed CPUE for the mixed Oreo category, to the end of 2013, 
which includes Allocyttus verrucosus (Warty Oreo), Neocyttus rhomboidalis (Spikey Ore-
odory), Neocyttus psilorhynchus (Rough Oreodory), Allocyttus niger (Black Oreodory) and a 
further mixed category (Oreodory). Note the spikiness of the lower levels of CPUE containing 
large numbers of records. The first five spikes relate to 5, 10, 15-20, 30, and 60 kg/hr. 
 
 
It remains with the RAG and the full assessment process to ascertain whether or not the 
application of a particular Tier is appropriate. This requires the assessment scientists to 
present the analyses along with a listing of where the assumptions may deviate from 
those that are required. Whether or not to apply a data-poor method instead of the cur-
rent Tier should be determined before applying the alternative so as to circumvent the 
possible accusation that the method has been selected because it generates the catch lev-
els preferred by different stakeholder groups. 
 
There are currently no standard, routine methods, or formal criteria that can be applied 
to determine whether a fisheries stock assessment is appropriate which can be applied 
independently of the assessment and management process in which it is embedded. In 
the SESSF it is the Resource Assessment Groups (RAGs) that determine whether or not 
to accept a stock assessment, and this tends to be done on a weight-of-evidence ap-
proach that attempts to account for consistency through time, the relative quality of fit 
of the model to the data, and whether the model structure correctly represents the stock 
dynamics as far as they are known. Most often a stock assessment might be rejected on 
the basis of qualitative reviews of the match between the model structure used and what 
is known about the fished stock. In a Tier 1 assessment if two data streams are in con-
flict, with one implying things are improving and another implying things are declining, 
it would be more usual for one of the data streams to be rejected rather than the assess-
ment; alternatively the model can be left to determine the optimum fit across all data 
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streams and biological information available. At very least the sensitivity of the assess-
ment outcomes to including or excluding (or down-weighting) each data-stream would 
be examined. 
 
While there are no formal criteria presently available, beyond the classical statistical fit 
criteria, it would undoubtedly be helpful for keeping processes open and understood, if 
such more formal criteria were developed. This is not suggesting that the current less 
formal review of the applicability of an assessment be discontinued, but rather that at 
least some more formal aspects be recognized and made part of the RAG’s routine so as 
to make communication and understanding simpler. 
 

6.2 The Effects of Sample Size, CV, and Bias on Tiers 3 and 4 

6.2.1   Tier 3 

The Tier 3 assessment method and harvest strategy appears capable of achieving the 
Target Reference Point of 48%B0 for Tiger Flathead (and similar species) for all levels 
of age sample size even when starting from low or high levels of initial depletion, but 
this is the case only if there is no or only slightly positive sampling bias (Wayte, 2009). 
If the sampling has a significant positive bias the outcomes ended either at the target or 
just below the limit if the stock started well above the target but can lead to missing the 
target in about 75% of occasions when the stock started below the target. This latter 
outcome was simply a reflection that the catches were badly over-estimated (see section 
13.2 and 13.2.1 on page 61 for full details). 
 
With School Whiting (and similar species) the Tier 3 was only able to achieve the target 
or remain above it if there was negative bias (see Figure 23  on page 62). Positive bias 
led to depleted states and with the maximum positive bias the medians were effectively 
on the limit reference point. In all cases of different sample sizes and separately, with no 
bias the median depletion ended at or just below about 40% instead of the target of 
48%. Once again, positive bias in the aging samples generated misleading outputs and 
undesirable management outcomes. 

6.2.2   Tier 4 

The effects on the Tier 4 applied to Flathead-like species, of the coefficient of variation 
(CV) of the CPUE and of bias tended to be highly exaggerated for the very high CVs of 
0.6 and 0.9. These two levels led to time series of CPUE which were unlike any seen in 
the real fishery and so these levels should be ignored for Flathead (see section 13.2.3 on 
page 64 for full details).  
 
With the remaining levels of CV, not surprisingly, as the CV increases so does the 
spread around the median levels of catch, the final depletion, and the probability of 
avoiding the LRP. The catch variation appeared to increase exponentially for CVs of 
0.05, 0.15, and 0.45. The effect of positive levels of bias is to over-estimate the sustain-
able catches, which in turn leads to greater levels of depletion. If the stock starts already 
below the target then positive bias can force it down to or just below the LRP (see Fig-
ure 25 on page 65). This is of concern as ‘effort creep’ would lead to positive bias and 
has undoubtedly occurred with the advent of GPS and colour depth sounders, etc., for 
which there is no information that can be included in any of the CPUE standardizations.   
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With the School Whiting like species, the effects of increasing CV on the Tier 4 out-
comes was to increase variation in catches, but this species is already highly variable 
from year to year so the higher values of CV have less of an impact on the outcomes 
(see Figure 26 on page 67). When the species starts in a depleted state then the final 
median depletion level would always be below the target reference point (TRP); this is, 
however, a function of the targets selected in the Tier 4 HCR. The Tier 4 HCR selects a 
reference period of years to identify the target catch and CPUE which drive the HCR. It 
is a mistake to believe these Tier 4 targets are at 48%B0 rather than simply being a state 
of the fishery identified to be a good place to be in terms of sustainability and profitabil-
ity; these targets are merely proxies and may in fact be above or below the equilibrium 
level represented by 48%B0 (Haddon, 2014). With such an empirical harvest strategy 
that is based on data from the fishery and not the implied stock dynamics a proxy is se-
lected. This proxy has been interpreted as a proxy for the biomass TRP of 48%B0 but in 
practice it is a proxy for meeting the stock status of meeting the required target. If it 
happened to achieve 48% this would be simply by chance. The Tier 4 can achieve its 
selected target but there is no guarantee that this will in fact be at 48%B0. Thus the out-
puts demonstrate that the method can generate consistent outcomes across a wide range 
of precision for both initially heavily and lightly depleted states (although with out-
comes below the formal TRP and above the TRP respectively).  
 
The effect of positive bias is very similar to that seen in the Flathead-like species. 
Strongly positive bias can lead to serious depletion and failure to avoid the LRP in the 
initially heavily depleted scenarios, although in the lightly depleted scenarios they all 
remain above the formal TRP. 
 
The impact of positive bias is especially important as positive bias in CPUE could be 
brought about by improvements in technology and fishing practices. As it appears 
highly likely that such ‘effort creep’ will have occurred it would be valuable to further 
explore the possible impact of such positive biases in a more specific manner relating to 
the advent of events leading to increasing bias as a series of events across just a few 
years (e.g. the advent of GPS from 1990 – 1992). Having no way of taking such 
changes and resulting bias into account may be leading to overly optimistic views of 
each of the fisheries. 
 
In Tier 1 assessments the effects of such bias would be detectable through the time se-
ries of CPUE or the ageing or length frequency data being inconsistent with each other. 
It is primarily the Tier 3 and Tier 4 methods that require further exploratory analyses.  

6.3 Candidate Tier 5 Stock Assessment Methods 

6.3.1   Introduction 

The objective of data-poor and data-limited methods is to estimate a practical level of 
yield that is likely to be sustainable (MacCall, 2009). By ‘practical’, MacCall means 
commercial yields rather than overly conservative yields. Strictly all stocks can be con-
sidered data-limited so Bentley et al. (2014) suggest the preferred term should be data-
poor. 
 
The MSE testing highlights that a stock should never be assumed to be in only a lightly 
depleted state. A reasonable option if the assessment process (i.e. including the RAG’s 
involvement) determines that a particular stock has only been lightly fished, is to as-
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sume 40%B0 so as to avoid the risk of over-fishing. This is, however, a policy decision 
and all that can be done here is to point out that, obviously, 40% would be more conser-
vative and there would be a lower risk of over-fishing than selecting 48%B0. However, 
there would also be a higher risk of failing to take as much catch as would be sustain-
able. Given the MSE results, 40% should certainly avoid the stock declining below the 
LRP (even if the stock were really depleted to the LRP and it was the DCAC method; 
(see Figure 33 on page 75) where DCAC only just meets the < 10% probability of be-
ing below the LRP).  
 

6.3.2   Central Tendency of Sustainable Catch Methods 

Possible candidates for use in a new Tier 5 set of assessments include the methods that 
involve a measure of the central tendency of catches such as the average or median 
catch (possibly the 3rd highest catch). Ideally, these average catches would be estimated 
from periods of stability within each fishery, but in reality, in Australia, such periods are 
not common. Such central tendency methods involve empirical harvest strategies where 
the estimated central tendency catch constitutes the sustainable catch estimate (the ‘as-
sessment’ is the decision rule; Figure 60). The recommended sustainable catches would 
need to be presented in the context of a weight-of-evidence appraisal of whatever stock 
was being considered. Dowling et al (2015a, b) discuss the use of such catches in the 
context of a set of catch triggers where a set of catch levels are set that, if met by the 
fishery, trigger management actions that can vary from a simple review of events to the 
application of some simple assessment or update of the average catch applied. In the 
Commonwealth HSP within the SESSF this would entail setting a multi-year TAC that 
might be reviewed for a breakout or major change each year and reviewed as to its level 
every few years. 
 
Using a central tendency of catch estimate to set upper limits to catch before further 
management action, requires the assumption that the stock is currently in an acceptable 
state or that the catches already observed have not led to serious or undesirable levels of 
depletion. If the weight-of-evidence appraisal supports this assumption then a recom-
mended biological catch can be made. Reasons for not using this approach include that 
the time series of catch data is not representative of the fishery (see Figure 63 on page 
109), or that the catch data is too sporadic to obtain a representation of the fishable 
stock. Specific trigger catch levels could then be set (Dowling e al., 2015b). Whether a 
discount would be required would depend on the final decision rule adopted. In the 
MSE testing the particular central tendency of catch was used (mean or median) but 
some other quantile could be used. The 3rd highest catch usually proved to be as capable 
as the other central tendency methods at avoiding the LRP, so an average or median 
should be sufficiently conservative as long as the state of depletion is considered to be 
acceptably far from the LRP at the start (see section 13.4 on page 93, and following 
pages). 
 
The methods that used fixed estimates avoided the potential for a ratcheting down of 
catches that can occur in the strategies that include regular updating of the central ten-
dency estimate. It is not the case that an allocated TAC will always be fully taken, espe-
cially with a by-product species that is not specifically targeted. If sustainable catch es-
timates are updated by using the mean or median of a time series that has an upper limit 
(a TAC) which is often not met, then the upper limit will automatically decline. Such 
catch estimates should be reviewed at five or ten year intervals in a weight-of-evidence 
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context, especially if more information beyond catches has been collected, but other-
wise the fixed methods have advantages over the dynamic or updated methods. 

6.3.3   Model Supported Catch-Based Methods 

The model supported catch-based methods include the Depletion-Corrected Average 
Catch (DCAC), the Depletion Adjusted Catch Scalar (DACS), and the Depletion-Based 
Stock Reduction Analysis (DB-SRA). Among these methods the DACS and DCAC are 
somewhat simpler to implement than DB-SRA (see section 13.4 on page 93, and be-
yond). Each of these also has assumptions and input requirements beyond having esti-
mates of natural mortality. Fortunately, these input requirements are not especially strict 
or onerous and even when relatively strong assumptions are made (such as restricting 
the initial and final depletion levels to values that would be conservative) these methods 
can still generate solutions. The advantage of these model supported methods is that 
whatever estimate of sustainable catch is derived, it comes with an estimate of the un-
certainty about the estimate (see Figure 3 and Figure 4), so there is freedom in the har-
vest strategy to add further precaution if it is deemed necessary. This might depend on 
whether the RAG considered the catch time series used to be reliable. For example, ear-
lier in the recent history of catches of Blue and Silver Warehou (Seriolella brama and S. 
punctate) the two species were not distinguished. For example, “… in 1992 both species 
were lumped under a global TAC of 4000t, 2000t of which was allocated to the trawl 
sector. Separate TACs were established in 1993 to avoid issue of high-grading spotteds 
[Silver Warehou] in favour of Blues.” (Smith et al., 1994). Such potential flaws in the 
available catch data could be solved by eliminating the early data, although in the con-
text of Blue Warehou, the early catches are verbally reported to have been large. 
 
Assuming that no stock would be assumed to be initially well above the target (TRP), 
then no major consistent differences were observed between these three approaches. 
The DB-SRA provides more information than the other two methods and so if it can be 
implemented this would be the method of choice. But at least the DCAC should also be 
run to ensure that the estimates are not significantly different. A comparison of at least 
two of the methods should assist in discovering any unusual aspects of the available 
data as some reason would need to be found for any differences. The DB-SRA allocated 
a predicted depletion level although it does not necessarily hit the allocated value each 
replicate (see Figure 4). The trials run provide a spread of trajectories and the propor-
tion that fall below the 20% depletion line in the final year would provide an indication 
of the relative risk of the predicted median MSY value of failing to meet the criteria of 
avoiding the LRP 90% of the time (see Figure 59 on page 102). 

6.4 Application of Tier 5 Methods to Current Fisheries 

6.4.1   DCAC 

For each species the distribution of sustainable catches was skewed to the left, which 
reflected the uncertainty that derives from the various assumptions made about the biol-
ogy and the production model representing the stock dynamics.  Nevertheless the esti-
mates of sustainable catches were 2153t, 934t, and 1439t for Flathead, Jackass Mor-
wong, and School Whiting respectively (Figure 3). 
 
The depletion-corrected average catch estimation of a sustainable catch invariably led to 
a reduction relative to the simple average catch over the same period used in the estima-
tion (see section 13.5.2 on page 96); the correction over the average catch for depletion 
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was relatively minor being 137 t for Flathead, 110 t for Jackass Morwong, and 145 t for 
School Whiting from 1980. 
 
School Whiting was a special case as catches were only minor from 1947, when records 
begin, to 1980, but have been noisy but higher since. Once again, the assessment proc-
ess already in place means that the RAGs would need to agree on what time series of 
catches to use when estimating the sustainable catch. The spread of the sustainable catch 
estimates in each case were not intended to be an estimate of MSY or other recognized 
biological reference point. Rather the intent was to estimate a practical level of yield 
that is likely to be sustainable (MacCall, 2009). By ‘practical’, MacCall means com-
mercial yields rather than overly conservative yields. 
 
While the adjustment appears relatively minor being about 6, 10.5, and 9% of the aver-
age catch these are certainly conservative adjustments. With longer lived animals (e.g. 
Ocean Perch or Redfish), which have lower natural mortality rates, the adjustments are 
likely to be greater. This method does not provide an estimate of stock depletion, how-
ever, so its capacity to avoid the Commonwealth LRP can only be tested using MSE. 
 

 
Figure 3.  The distribution of sustainable catch levels (top) and mean time-series (bottom) from 
10,000 replicate estimate using the DCAC method on Flathead (FLT), Jackass Morwong 
(MOR), and School Whiting (WHS). The median estimate of the sustainable catch is depicted 
by the blue line in the top diagrams and the mean estimate for each species are reflected on the 
catch histories as red lines (2153t, 934t, and 1439t). The assumption was made that the stock 
was at the target biomass in all these assessments. 
 

6.4.2   DB-SRA 

The Depletion-Based Stock Reduction Analysis is more flexible than the DCAC as it 
can provide estimates of MSY, BMSY, FMSY and depletion levels. These are dependent 
upon the production model used but nevertheless this enables the method to generate 
estimates that can be directly interpreted by the HSP. The application of the DB-SRA 
method is rather more time consuming so instead of 15 seconds, as for the DCAC, run-
ning 10,000 replicates to characterize a single species takes between 15 – 20 minutes 
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(see Figure 55 and section 
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ure 59 on page 100), which is consistent with conclusions in Wetzel and Punt (2011) 
and Carruthers et al. (2014). For example, when the depletion level in the final year is 
assumed to be 35%B0 instead of 48% the MSY output has almost half the range of val-
ues (2168 – 3067 rather than 2344 – 4050) of the analysis at 50%B0, with more differ-
ence between the upper bounds and the lower and a 260 t difference between the MSY 
estimates (Table 2). In practice, if this method were used, the selection of the assumed 
depletion level is a decision that would need to be defended explicitly and agreed upon 
by the full RAG. 
 
 

 
Figure 5. The outputs from the DB-SRA applied to Flathead over the entire catch history using 
10,000 replicate runs of the Monte Carlo simulation. 
 
 
 
Table 2. The start year, number of years of catch data, and the quantiles of the estimates 
of the MSY.  Note the shift to lower values in the last three rows and the difference rela-
tive to the average catches over the same period. In all cases except the last row the as-
sumed final depletion was 48%; in the last row is the outcome from an assumption of 
35%. 
Start Years 2.50% 5% 50% 95% 97.50% Average C 
1915 98 2344.537 2382.149 2831.794 3776.656 4050.090 2290.357 
1925 88 2342.034 2381.012 2831.601 3776.654 4048.268 2457.239 
1935 78 2327.350 2373.559 2827.719 3776.633 4038.496 2404.397 
1945 68 2306.799 2364.283 2823.057 3776.583 4031.961 2401.544 
1955 58 2267.541 2350.947 2816.476 3775.969 3990.172 2434.862 
1965 48 2234.215 2310.502 2802.807 3763.108 3983.085 2486.521 
1975 38 2168.726 2255.357 2773.696 3725.866 3943.827 2440.500 
1985 28 2067.754 2180.506 2733.887 3668.618 3917.452 2739.179 
1995 18 1828.630 1934.611 2569.098 3442.084 3709.652 3051.000 

        
1915 98 2168.842 2200.732 2426.595 2907.005 3067.365 2290.357 
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Both the DCAC and the DB-SRA require an assumption about the level of depletion in 
the final year (or a particular year) but with data-poor species this will invariably be a 
very uncertain value. However, the MSE testing does suggest the outcomes possible if 
different relatively precautionary depletion levels are chosen (at the risk of under-
catching a resource). Despite this the DB-SRA methods holds some advantages over 
using simple average catches as even with only a few year’s data and relatively high 
natural mortality rates the outcome differs from simply using the average of median 
catch (Table 2).  
 
 

7 Implications 
The costs, in terms of both time for development and in running such assessments, for 
the seven data-poor methods considered would be relatively minor, with the DB-SRA 
taking the most time and requiring some code development to simplify or automate its 
application to standard data extracts. But once parameter files were set up containing the 
necessary biological and fishery information these would remain stable and only the 
catch data input files would require updating each year the assessments were conducted. 
Changes in the fishery would be expected to be relatively slow for many species so 
these stock assessment methods are good candidates for producing multi-year TACs; 
especially the central tendency of sustainable catch methods. Catch data are generally 
well recorded in the SESSF, although there are likely to be variable levels of discards 
for minor and by-product species so estimates of these would certainly be required. Dis-
card rates would mainly be an issue if they were variable through time or possibly if 
further regulations were introduced concerning discards. 
 
As long as no stock is assumed to be only lightly depleted the central tendency of sus-
tainable catch methods tend to under-estimate the possible catches and that appears to 
be the major risk with applying these methods. However, for by-product or minor spe-
cies for which landings are already small, this may not be a major issue. Nevertheless, 
the potential for under-catching should be kept in mind when a RAG determines at what 
interval to review the catch levels. 
 
The primary implication for the SESSF is that there are now tested alternatives to Tiers 
3 and 4, which can be applied to relatively minor and by-product species where the ap-
plication of Tier 3 or 4 methods do not appear to be valid. This will make the assess-
ments for such previously doubtful or uncertain species more defensible. 
 

8 Recommendations 

8.1 Appropriateness of Tier Harvest Strategies 
When reviewing a stock assessment within each RAG it should become routine that the 
Tier selected for the assessment be justified or defended in terms of how well the spe-
cies and the available data meet the assumptions of the stock assessment method ap-
plied. If answers are provided for the questions ‘Why shouldn’t this species be assessed 
at a lower or a higher tier?’ and ‘Are the structural assumptions in the assessment 
method used reasonable for the species concerned?’ then the RAG will be in a better 
position to accept or reject an assessment as being appropriate or not. 
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As soon as suitable Tier 5 methods are available for selection then decisions need to be 
made in the Slope, the Shelf, the Shark, and the GAB RAGs as to whether any of the 
species being taken in their fisheries are in an inappropriate tier and one of the Tier 5 
methods selected at least for comparison with current management advice. For example, 
in the Shark RAG Elephantfish (Callorhinchus milii) and Sawsharks (includes Pristio-
phorus cirratus, P. nudipinnis, and Pristiophoridae) are undoubtedly bycatch (more 
strictly by-product) species in the Gummy Shark fishery which are rarely if ever tar-
geted as there is a limited market and they are of relatively low value. Both are currently 
assessed using a Tier 4 approach, but being bycatch when fishers are targeting a differ-
ent species questions are always raised as to the validity of using their CPUE. Both of 
these fisheries would be candidates for a Tier 5 assessment approach. Similar arguments 
can be made in the other RAGs, though perhaps not the GAB RAG. 
 

8.2 Potential Tier 5 Approaches 
When assessing a data-poor fishery using a data-poor assessment method that requires 
an approximate initial depletion level, no stock should be assumed to be in any state of 
depletion better than the target of 48%B0, even if the species has not been targeted in a 
mixed fishery previously. It can be assumed that in a mixed fishery a by-product species 
would have been exposed to at least some fishing mortality even if previously the spe-
cies was not landed to any great extent. Extra analyses can be conducted that explore the 
importance of the initial depletion level assumed. 
 
For those species where there are limited catch data and little other information avail-
able, and yet an estimate of a Recommended Biological Catch is required, it is recom-
mended that methods based on estimating the central tendency of sustainable catches 
(such as the median catch, average catch, or 3rd highest catch) be used. Those using at 
least a ten year period of catches, preferably from a relatively stable period within a 
fishery, and without later update, or only updating at long intervals within a larger con-
text of a weight-of-evidence across that fishery, are to be preferred. This should avoid 
any artificial ratcheting down of TAC levels that can happen through the fishery dynam-
ics affecting catches rather than the stock dynamics. 
 
For those species for which there is some biological or other data available that would 
permit the application of model-assisted data-poor stock assessment methods then it is 
recommended that either the Depletion-Corrected Average Catch (DCAC) or the Deple-
tion-Based Stock Reduction Analysis (DB-SRA) be applied. The DB-SRA has some 
advantages in its application within the Commonwealth HSP, but both perform accepta-
bly well as long as a stock is not assumed to be in only a lightly depleted state. 
 
These two recommended methods should not be the end-point for the model-assisted 
methods adopted within the Tier 5 harvest strategy. The Catch-MSY method and any 
derivatives from it should be explored further as this appears to be more flexible and 
less demanding in terms of assumptions than the DCAC or DB-SRA. As data-poor 
methods and harvest strategies are developed both in Australia and elsewhere they 
should be considered for adoption here if they MSE testing demonstrates they constitute 
an improvement on the Tier 5 approaches already tested. 
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8.3 Communication of New Methods 
The examples already generated in the ‘Application of Tier 5 Methods to Current Fish-
eries’ section, where some of the new data-poor Tier 5 candidate methods were applied 
to three different species, should be used in the explanatory material to be presented to 
RAGs and MACs and other interested stakeholders. As the latest catch data becomes 
available this year further examples using the fullest data sets should be developed to 
make any presentations directly pertinent to each RAG. The technical details of the 
methods will be extracted from published material along with the computing algorithms 
needed to conduct the calculations required (expect where these are trivial – as in 3rd 
highest catch over the last 10 years) and recorded in more formal documents to be in-
cluded in different RAG materials. 
 
This communication will be important in progressing the adoption of these methods, 
which are new to the Commonwealth (and the States) in Australia. For them to be for-
mally adopted into the toolkit of methods acceptable to the harvest strategy policy they 
need to be accepted, as a minimum, by the SESSF RAG, the SEMAC, and the FAM 
Board. The various sub-ordinate RAGs also need to accept their utility before their 
adoption. 
  

8.4 Further Development 
Data-poor methods are continuing to be developed here in Australia and elsewhere, es-
pecially in the USA and Europe (ICES). These developments should be monitored to 
ensure that any improved methods developed are considered and adopted here in Aus-
tralia.  
 

9 Extension and Adoption 
The extension of the work and methods presented here is a formal objective of this pro-
ject and will entail making presentations and explanations to the RAGs and MACs con-
cerned along with other interested stakeholders. Formal explanatory documents describ-
ing the methods in detail, based on published literature, will also be presented. 
 
The candidate methods, with some constraints on the assumed initial depletion levels, 
especially those currently recommended, have been shown to perform in compliance 
with the HSP requirement of keeping above the 20%B0 limit reference point better than 
90% of the time. There should therefore be no problem with their adoption into the Tier 
toolkit available in the SESSF. There is no reason apparent why they could not be 
adopted in other fisheries should those fisheries require such tools. 
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10 Appendix: Tier 5 Options in the SESSF 

10.1  Introduction 
10.1.1 Stock Status and Uncertainty 

Ideally it would be possible to obtain a measure of the stock status for all fished species 
so that their management, even when within a mixed fishery, could be balanced across 
any competing objectives that may have been devised for different stocks or single spe-
cies fisheries within a mixed fishery (e.g. maximizing catch while remaining sustain-
able). Such ideal situations are often described to highlight how reality differs from the 
ideal. In reality, it is the case that even with well documented fisheries stock status can-
not be measured directly. We are always limited to making inferences about stock status 
by taking samples and observations from a fishery itself, and using those samples and 
observations in some form of stock status assessment. The use of samples implies that it 
is only ever possible to obtain an uncertain estimate of a stock’s status. The sampling 
can be improved and the development of long time-series of fishery statistics, such as 
catch rates, catches, age-structure etc., can certainly assist with improving the precision 
and reducing any bias in estimates as well as increasing our understanding of the dy-
namics of a given stock. However, the value of such data is dependent upon its quality 
and representativeness for a fishery; there always remains a degree of uncertainty in any 
stock assessment and this is especially the case in many data-poor or data-limited fisher-
ies (Haddon et al., 2005; Vasconcellus and Cochrane, 2005; Pikitch et al., 2012). Nev-
ertheless, fishery managers are required to make decisions in the face of such uncertain-
ty, although it and its implications have not always been well recognized.  Recently, 
around the world, countries and organizations, such as ICES in Europe, the USA, Aus-
tralia, and New Zealand, which have active and responsive fisheries management, have 
attempted to account for uncertainty explicitly.  

10.1.2  Harvest Strategies 

A number of very influential documents for fisheries management were published by 
the FAO in the mid-1990s, including: the Code of Conduct for Responsible Fisheries 
(FAO, 1995), the Precautionary Approach to Capture Fisheries (FAO, 1996), and 
Fisheries Management (FAO, 1997); these latter two documents being parts of the 
Technical Guidelines for Responsible Fisheries series. “Long term management objec-
tives should be translated into management actions, formulated as a fishery manage-
ment plan or other management framework” (FAO, 1995, p 11). The Guidelines appear 
to be one of the first documents to describe the components of what are now referred to 
as Harvest Strategies. The need for targets, described as the desired outcomes (or desir-
able state) for a fishery, limits, described as undesirable outcomes that are to be avoided, 
and harvest control rules which specify in advance what action(s) should be taken when 
specified deviations from the operational targets and limits are observed, were all identi-
fied explicitly (FAO, 1996; Caddy and Mahon, 1995; Caddy and McGarvey, 1996). 
Early work on simulation testing of management arrangements (now known as man-
agement strategy evaluation; Butterworth and Bergh, 1993; Punt et al., 2014) appears to 
have contributed to this approach to describing harvest or management strategies. Thus, 
in the FAO Guidelines it defines a management procedure as a description of the data to 
collect, how to analyze it, and how the analysis translates into actions. This is the stan-
dard way to describe a modern harvest strategy: define the data needed, the analysis of 
the performance measures (that are used to determine status relative to target and limit 
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reference points), and the control rules used to generate management advice (Figure 6).   

10.1.3  Tiers of Harvest Strategies 

Many of the ideas within fisheries management reflect a focus on the major and most 
valuable target species, which, because of their value and importance to the fishing in-
dustry and markets, tend to have relatively extensive data collections to assist in their 
stock assessment. Especially in mixed fisheries there tends to be an informal hierarchy 
by which the main targets or most valuable species, that is the primary drivers in a fish-
ery, gain most assessment attention, then byproduct species, that tend to be landed as 
opportunity and markets arise, gain some attention, and finally bycatch species that are 
invariably discarded, rarely receive much attention, if any. With the growth of the use of 
more formal harvest strategies this hierarchy between grades of species has been put 
into a categorical scheme of tiers in which the lower the tier (e.g. Tier 1) the more de-
tailed and extensive the available data and hence, usually the more detailed the stock 
assessment that is possible (Smith et al., 2008). Tiered schemes of harvest strategies 
were first developed and implemented in the Gulf of Alaska in 1998 (DiCosimo, 2001). 
The more sophisticated stock assessments provide options for more sophisticated har-
vest control rules (HCR) that rely on model derived stock performance measures, such 
as spawning stock depletion (relative to the unfished state). 
 

 
Figure 6. Diagrammatic representation of a standard harvest strategy (everything above the red 
line) depicting the sequence used when it is implemented. The review stage is there to facilitate 
adaptive management and modifications should they become necessary. 
 

10.1.4 Guidelines for Selecting a Tier for a Fishery 

In Australia, the harvest strategy policy (HSP) and its associated harvest strategies 
(HSs) were implemented in 2007, however, before that, in 2005, a detailed HS was in-
troduced into the SESSF (Smith et al., 2008). The tiered system of HSs in the SESSF 
formed a template for the more general Commonwealth HSP. When the original HS for 
the SESSF was developed the approach was to consider the available data and deter-
mine from that what assessments and associated harvest control rules were possible and 
apply those. The continuation of this approach has led to the status of a number of spe-
cies being assessed in tiers which are now considered inappropriate for them as a result 
of the available data either being of insufficient quality or failing to represent the stock 
as a whole. For example, Blue-Eye Trevalla (Hyperoglyphe antarctica) is assessed us-
ing a simple Tier 4 HS (Little et al., 2011; Haddon, 2014) but the validity of this as-
sessment is questionable for reasons of data quality (catch per day is used instead of 
catch per hook, which has been shown to bias the outcome) and for reasons of represen-
tativeness. Blue-Eye Trevalla populations exhibit such a high degree of spatial hetero-
geneity in their biological and fishery characteristics that assessing the whole stock on 
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the basis of a single area is highly likely to bias any outcome. 
 
Given a set of available data more than one assessment method could be applied but 
rather than simply applying the most detailed possible, a more defensible approach 
would be to determine how well an assessment could estimate the required performance 
measures used to determine stock status. If this had been done originally there would 
have been no need for the first objective in this project:  
 
Establish guidelines, using SESSF case studies, for when the particular Tier harvest 
strategy for a given stock becomes inappropriate and make explicit recommendations as 
to what response would then be appropriate. 
 
Demonstrating whether a data set is representative of a fishery is not a simple process as 
it relates to the details of the sampling that has been done, which, in a mixed fishery ex-
tending over a very large geographical area such as the SESSF, is always something of 
a compromise (Figure 7). 
 
 

 
Figure 7. The geographical extent of the SESSF with the trawl fishery subdivisions il-
lustrated red = GAB, brown = Commonwealth trawl, and yellow = East Coast Deepwa-
ter trawl. The hatched area in the yellow region is closed to trawlers, although multiple 
line methods are used there. 
 
 
Determining whether an assessment can provide valid estimates of the desired perform-
ance measures can be done by a consideration of the data available, how and where it 
was sampled, and the assumptions lying behind the assessment method or HS (Figure 
8, Figure 9, and Figure 10. For example, application of the Tier 3 HS (Figure 9) will 
generate outcomes with an unknown degree of bias if applied to data derived from a 
fishing method that is characterized by a dome shaped selectivity curve rather than a 
classical logistic selectivity curve (most gill-net fisheries, for example for Blue Ware-
hou, Seriolella brama, exhibit dome-shaped selection). The production of the guidelines 
to meet objective 1 will proceed exactly through a consideration of the data available 
and the assumptions behind how they were gathered plus a consideration of the assump-
tions behind the various assessment methods currently used within the different SESSF 
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tiered harvest strategy. 

10.1.5  The Australian Harvest Strategy Policy 

Australia has numerous different fisheries; although none are large in volume by world 
standards, some, especially the invertebrate fisheries, are relatively valuable. This lim-
ited productivity is a reflection of Australia’s geographical location and great age. The 
generally low productivity of Australian fisheries reflects three things: 1) the low run-
off of nutrients from the generally dry and previously eroded ancient continent, 2) the 
fact that most major coastal current systems flow south from nutrient-poor tropical wa-
ters, and finally 3) the small number of permanent areas of upwelling from deeper nutri-
ent rich waters (Haddon, 2007). This diverse range of fisheries constitutes a serious 
challenge for the specification of a Harvest Strategy Policy that can apply to all Austra-
lian fisheries. The Commonwealth introduced a formal harvest strategy in 2007 (DAFF, 
2007), while within the States there are attempts to develop formal harvest strategies, 
with South Australia being the most advanced (Flood et al., 2014). 
 
The Australian Commonwealth harvest strategy policy (HSP) defines its targets and 
limits in terms of spawning biomass depletion levels or proxies for these measures. 
Thus, the limit reference point is set at 20%B0 below which all targeted fishing is sup-
posed to stop; the argument and justification behind this limit being that the risk of re-
cruitment overfishing becomes unacceptable below this level of spawning biomass 
(Beddington and Cooke, 1983):  
 

“… an escapement level of 20% of the expected unexploited spawning stock biomass 
is used. This is not a conservative figure, but it represents a lower limit where re-
cruitment declines might be expected to be observable.” (Beddington & Cooke, 1983) 

 
The value of 20%B0 is currently a proxy for BMSY/2, but as BMSY is recognised as being 
extremely difficult to estimate with any precision, recommendations have been made to 
accept the proxy as the specific limit (Haddon et al., 2013). It is important to be clear 
that being below 20%B0 does not automatically imply that recruitment overfishing will 
occur, the limit reference point is merely the level selected to act as a general indication 
that a fishery is not performing as well as it should and that below that level the risk of 
significantly reduced production is assumed to increase.  
 
The target reference point was set to be the biomass that leads to the maximum eco-
nomic yield (BMEY) which is defined using a proxy as 1.2 x BMSY (where BMSY is the 
spawning biomass that should give rise to the maximum sustainable yield at equilib-
rium). This combination implies, given the assumptions in the HSP (which uses a proxy 
of 40%B0 for the BMSY), that the target is 48%B0. A description and justifications for the 
selection of these values is provided in Haddon et al. (2013).  
 

10.1.6 The SESSF Harvest Strategy 

Most fisheries in Australia only use a single harvest strategy in their management but 
some fisheries use one of a range selected from within a tier system. The South East 
Scalefish and Shark Fishery (SESSF) has a tier system made up, in theory, of four tiers 
(Smith et al., 2008; DAFF, 2007). The Tier1 harvest strategy (Figure 8) applies to stock 
where there is a robust quantitative assessment that provides an estimate of the current 
spawning biomass so the biomass related limit and target reference points can be used 
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directly (Tuck, 2014). The Tier 2 relates to a less robust quantitative assessment, and 
this was originally proposed with a somewhat higher target than the Tier1; in practice 
there are no Tier 2 species in the SESSF (and the primary target of 40%B0, listed in 
Smith et al., 2008, originally only for the SESSF, was increased on the introduction of 
the Commonwealth HSP). The Tier 3 harvest strategy (Figure 9) requires a good esti-
mate of natural mortality and an estimate of current fishing mortality (using a modified 
catch curve; Wayte and Klaer, 2010; Klaer, 2014). Finally the Tier 4 HS (Figure 10) 
would apply to those stocks with only information on catches and catch rates (cpue; Lit-
tle et al, 2011; Haddon, 2014). Currently there are no other tiers should Tiers 1, 3, and 4 
not be suitable. 

10.1.7 Are Tiers Hierarchical in relation to Uncertainty? 

The use of a tier of harvest strategies is an attempt to recognize that as the data avail-
ability for different fisheries differs so will the degree of uncertainty related to any man-
agement advice deriving from any assessment of the available data. The plausibility of 
the different tier outcomes has previously been related to the data and methods available 
to be used to analyse the stock performance measures. The assumption is that the closer 
the analysis is to the underlying dynamics of the populations being fished the more 
likely it is that the outcomes will reflect true events. This implies that the Tier 1 HS, 
which includes a formal mathematical model of the population dynamics behind the 
fishery (Figure 8), would be expected to produce an assessment with the least uncer-
tainty. The Tier 3 assessment was generally considered next best in terms of likely un-
certainty because it used catch curves and as these use ageing data from the fishery this 
should reflect the reality of the dynamics at least to a limited extent; the assumption is 
generally made that the ageing samples are representative of the whole fishery each year 
(Figure 9) and that the assumption of equilibrium does not bias the outcome too much. 
Finally, the Tier 4 assessment, which only uses catches and cpue (Figure 10) was origi-
nally considered the least certain of the assessments even though cpue was usually the 
only index of relative abundance and it was also used in the Tier 1 assessments. 
 
The Tiers are thus intended to reflect the growing uncertainty to be expected from the 
various assessments possible within each Tier level. Thus when sufficient data are 
available to apply a Tier 1 HS then it would also be possible to apply Tier 3 and Tier 4 
HSs. The assumption has been made that because the Tier 1 would generally be less un-
certain than the other two, it would be preferred. If only a Tier 3 or Tier 4 is possible the 
idea of compensating for the assumed increase in uncertainty arose (Dowling et al., 
2013). In an attempt to compensate for the increasing uncertainty assumed to occur with 
higher tiers, a system of discounts are supposed to be applied to the recommended bio-
logical catch levels (RBCs) predicted by each Tier; no discount to the Tier 1, a 5% dis-
count on the Tier 3 RBC, and a 15% discount on the Tier 4 RBC. The intent of these 
discounts is to attempt to reduce the risk of the recommended catches being biased high 
in accordance with the increased levels of uncertainty assumed to occur in different as-
sessment methods and harvest strategies. While this discounting principle is simple to 
understand (a balancing of risk against catch), demonstrating that the different assess-
ment methods used have the perceived relative degrees of risk requires detailed simula-
tion testing. Fay et al. (2013), in a preliminary study, have demonstrated that the rela-
tive risks can be greatly affected by what appear to be small details in the different har-
vest control rules. For example, without the meta-rule that limits annual changes to the 
TAC for a stock to no more than 50%, the Tier 3 harvest strategy does not necessarily 
perform better than the Tier 4 harvest strategy. With the meta-rule then the ordering is 
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as might be expected with the Tier 3 generally out-performing the Tier 4, although, im-
portantly, the particular outcome is also species and stock dependent. 
 
As stated by Fay et al. (2013, p 1): 

As the outcomes were variable across the species, the harvest strate-
gies, and the methods used to implement precaution, it is not possible 
to provide a simple conclusion that a single optimum method exists for 
balancing risk against uncertainty for each Tier level of assessment.  

 

 
Figure 8. A diagrammatic representation of a Tier 1 analysis as implemented in the SESSF, 
which involves an integrated age-structured stock assessment model. 
 

 
Figure 9. A diagrammatic representation of a Tier 3 analysis (basically a yield-per-recruit plus a 
modified catch-curve) as implemented in the SESSF. 
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Fay et al’s (2013) work implies that the SESSF Tier system is a convenient name but 
that the different harvest strategies beyond Tier 1 do not form a tidy hierarchy of cer-
tainty. The Tier 1 and 3 approaches attempt to use biological data from the fishery con-
cerned to gain insight into the biological dynamics of the population and/or fishery. The 
Tier 4 only uses empirical data direct from the fishery statistics. The Tier 4 is thus an 
empirical harvest strategy that makes no attempt to mimic the stock dynamics in an at-
tempt to understand events within the stock. Instead it assumes that cpue provide a valid 
measure of the stock status and it uses its relative value through time within a defined 
harvest control rule to provide management advice (Figure 10). There is no automatic 
reason why an empirical harvest strategy cannot perform perfectly well as long as the 
performance measure selected (in this case cpue) really does provide a valid index of 
relative abundance (or at least relative stock status) through time. If it does this success-
fully, and the target cpue is selected well then a Tier 4 can perform almost as well as a 
Tier 1. Indeed, if cpue were actually a valid index of relative abundance, and was thus 
capable of providing useful management advice then a surplus production model, which 
only uses catches and cpue, could be a useful example of a Tier 2 analysis, (Haddon, 
2011). 
 
The key conclusion in Fay et al., (2013) is that the degree of risk appears to be idiosyn-
cratic to each particular species. 
 

 
Figure 10. A diagrammatic representation of a Tier 4 analysis as implemented in the SESSF, 
which involves an empirical consideration of the ratio of current cpue with a specified target. 
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In addition to the current Tier system of harvest strategies, the Commonwealth has also 
implemented a system of Ecological Risk Assessments (ERA) in an attempt to docu-
ment the potential risks to all other species potentially affected by fishing pressure 
(Smith et al., 2007; Hobday et al., 2011). These risk assessments aim to approach the 
needs of ecosystem based fisheries management (EBFM) which requires at least a re-
view of the effects of fishing on non-target species. This has proven effective for many 
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bycatch species which are never or very rarely landed. However, the use of the ERA 
doesn’t provide sufficient management details and advice on sustainable catch levels for 
those minor species (byproduct species) which are landed as catch but are generally 
taken in association with primary target species.  

10.1.9 Between Tier 3 or 4 and the ERA 

In addition to the minor or byproduct species, there are numerous species and fisheries, 
within the SESSF, for example, to which attempts are made to apply the Tier 3 or Tier 4 
harvest strategies and that fail to provide valid advice for an array of different reasons; 
generally all of these reasons relate to a lack of appropriate information or a failure of 
some underlying assumptions in the assessment methods used. These examples are from 
relatively data-poor or data-limited species, and fisheries for data-poor species may be 
defined as those for which i) a quantitative stock assessment cannot be undertaken be-
cause of limitations in the type and/or quality of available data (Haddon et al. 2005; 
Kelly and Codling 2006; Dowling et al., In press). Data-poor does not only mean that 
data are lacking, as there are many other reasons that a given fishery can be considered 
data-poor or data-limited; these can include: a) new fisheries with limited observations, 
b) low value fisheries, c) multi-gear, multi-species fisheries with many small operators 
or landing sites, d) data quality is low or variable and difficult to verify, and e) spatially 
structured fisheries where samples collected may not be representative of the whole 
stock (Haddon et al. 2005; Dowling et al., 2015a, b).  
 
Examples where the Tier 4 is applied in the SESSF in situations and to species where its 
assumptions are broken include species such as all the deep-water Oreo species (Pseu-
docyttus Maculatus – Smooth Oreodory, Allocyttus verrucosus – Warty Oreo, Neocyttus 
rhomboidalis – Spikey Oreodory, Neocyttus psilorhynchus – Rough Oreodory, and Al-
locyttus niger – Black Oreodory; Haddon, 2014) but also such species as Blue-Eye Tre-
valla (Hyperoglyphe antarctica). In the case of the Oreo species this is often a highly 
mixed fishery where the species is often simply reported as ‘Oreo Dory’ rather than par-
ticular species. Where the species caught is identified, the catch rates can vary between 
trivially low to enormously high, depending on the strategy used in trawling. If an ag-
gregation is fished or targeted the cpue can be expected to be very high, but if trawling 
is merely prolonged, covering an extensive distance, then cpue can range from high to 
extremely low. This variation means that the analyses become so uncertain as to remain 
uninformative, and worse can provide misleading management advice. In the case of 
Blue-Eye Trevalla this is a species with a highly fractured and patchy spatial distribu-
tion of the adults, stretching from east coast sea mounts up at -20°S, down to the south-
ern Cascade Plateau at -43.883°S. Even though there is an array of biological and fish-
eries data that have been collected (Klaer et al., 2014), each area appears to have idio-
syncrasies rather than being characteristic of the stock as a whole and no area has been 
consistently sampled. Despite these impediments, these species, and other species for 
which it is inappropriate are still considered to fit into the Tier 4 harvest strategy be-
cause the catches and cpue are the only data available; currently the unavailability of a 
higher tier that can provide management advice in terms of catch limits prevents other 
actions. Applying the ERA would not provide the detailed management advice required 
for some relatively important quota species.  
 
To achieve objective 1, an array of criteria are required for determining which Tiers it is 
possible to use  for a given species. For those species which should not be considered 
under the current Tiers there is also a need for a different class of harvest strategies 



 

Options for a Tier 5 Harvest Strategy |  35 

(made up of data required, assessment, harvest control rule) that will fill the gap be-
tween the current Tier system and the ERA approach i.e. a set of possible Tier 5 harvest 
strategies. Hence the two main objectives of this project. 

10.1.10 Would a Tier 5 fit into the Harvest Strategy Policy 

There is no impediment in the current HSP for the inclusion of new harvest strategies as 
long as they operate to achieve the intent of the current and future HSPs. This was dem-
onstrated in the Reducing Uncertainty in Stock Status project (Dowling, 2011; Haddon, 
2011b; Haddon 2012; Plagányi et al., 2013). The fundamental intent of the HSP is to 
prevent over-fishing and to prevent a stock from being over-fished. As a minimum if a 
harvest strategy can maintain a stock’s biomass above a minimum limit threshold for 
more than 90% of the time and was successful at limiting fishing mortality when a stock 
was in a low state, then it could be said to be successfully achieving the intent of the 
HSP (Haddon, 2012). This would need to be demonstrated, preferably using manage-
ment strategy evaluation, but other than that the development of alternative higher order 
Tier harvest strategies should be acceptable. In data-poor stocks the priority becomes 
one of first avoiding the limit reference point (or, in the case of data-poor species, its 
proxy) and achieving the proxy target comes second if it is even possible (Haddon, 
2011b). The HSP explicitly recognizes that in mixed fisheries it may not be possible to 
maintain all species at MEY but in all cases all species should be kept above the limit 
reference point (or its proxy). For data poor species, where catch or landings are the 
only data readily available, then avoiding the limits may be all that can be successfully 
or defensibly achieved. 
 
Demonstrating that a new strategy meets the requirements of the HSP strictly requires 
the use of Management Strategy Evaluation (MSE) to ensure that any new harvest strat-
egy can perform as required. The application of MSE to an array of data-poor assess-
ments and related harvest control rules (harvest strategies) is the primary aim of this 
current work.  
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11 Appendix: Management Strategy Evaluation 

11.1  Project Objectives  
4. Establish guidelines, using SESSF case studies, for when the particular Tier harvest 

strategy for a given stock becomes inappropriate and make explicit recommenda-
tions as to what response would then be appropriate. 

5. Determine options for alternative harvest strategies when none of the present Tiers 
is appropriate (i.e. potential Tier 5 approaches) 

6. Produce presentations and explanatory documents for distribution across RAGs and 
MACs, describing the criteria and new Tier 5 harvest strategies. 

The first two objectives require some active examination of current strategies and proc-
esses as well as some exploration of the properties and behaviour of potential new Tier 
5 approaches. The third objective is primarily about report production and the presenta-
tion of methods and any new approaches to potential users. 

11.1.1 Guidelines for Selecting a Tier 

When the SESSF harvest strategy framework was introduced in 2005 (two years ahead 
of the Commonwealth Harvest Strategy Policy, which modified the SESSF harvest 
strategies) there was a need to allocate the main commercial species to the available 
Tiers. Originally there was a Tier 2, which was considered to be a less robust dynamic 
stock assessment model (perhaps similar to a Tier 1 but with fewer year’s data avail-
able). However, eventually it became clear that only Tiers 1, 3, and 4 were used and the 
notion of a Tier 2 became neglected, at least in the SESSF. It can be argued that all 
other commercial Commonwealth fisheries only have a single harvest strategy (i.e. 
standard data collection, a single form of assessment, and a specified harvest control 
rule); although the mixed species Northern Prawn Fishery has an array of species and 
associated assessment methods a hierarchical tier system is not used explicitly. For by-
catch species and other species that may be impacted by fishing pressure there is also 
the Ecological Risk Assessment process (Smith et al., 2007; Hobday et al., 2011). 
 
The allocation of species to specific Tiers in the SESSF was originally based upon the 
data available for a species rather than whether the harvest strategy (HS) within a given 
Tier could deliver the required management advice in a consistent and workable man-
ner. This first objective is about developing an explicit set of guidelines for selecting a 
Tier for a given species. This will include some testing, using management strategy 
evaluation, of the effects of bias and imprecision being present in the data available for 
assessment. 

11.1.2 Evaluation of Alternative Tier 5 Approaches 

There have always been data-poor fisheries and since the 1990s when the importance of 
explicit management of commercially exploited stocks became more fully developed 
(FAO, 1995), some attention has been paid to data-poor stock assessment methods 
(Kruse, et al., 2005). However, work on the assessment and management of data-poor 
and data-limited fisheries gained new impetus when the Magnusson-Stevens Act in the 
USA (their Fisheries Act) was amended in 2006 to require the determination of annual 
catch limits without considering whether there was sufficient data to enable such a de-
termination (MacCall, 2009). Since then a number of alternative methods that can be 
applied to relatively data-poor fisheries have arisen. Some of these methods are purely 
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empirical and driven only by the catch data and others include the catch data augmented 
by biological information from the species involved. This remains an active research 
area with many contributors and novel methods still being published (MacCall, 2009; 
Dick and MacCall, 2011; Bentley and Langley, 2012; Martell and Froese, 2013; Car-
ruthers et al., 2014; Geromont and Butterworth, 2014). 
 
To achieve the second objective, in the Australian context, an array of potential methods 
selected from the literature will be tested, using management strategy evaluation to de-
termine whether or not they can meet the underlying requirements of the Common-
wealth Harvest Strategy Policy (HSP). These requirements are aimed at ensuring sus-
tainability and maximizing profitability. The policy aims to maintain sustainability by 
preventing over-fishing and preventing the stock from being overfished, and it does this 
by managing each stock so it stays above some minimum stock size; with the HSP se-
lecting 20%B0, or another accepted proxy as the limit reference point. The policy also 
aims to maximize profitability by adopting the maximum economic yield (MEY) or an 
accepted proxy as a target reference point (DAFF, 2007). Within data-poor and data-
limited fisheries invariably the best that can be achieved is to meet the intention of 
maintaining sustainability, whereas ensuring maximum profitability would be extremely 
difficult for most data-limited situations  (Haddon, 2012). Nevertheless, it is sometimes 
possible to devise proxies for what would constitute what might be termed a ‘pretty-
good’ profitability (Hilborn, 2010; Haddon, 2011b) and these can become the target. 

11.2  Tier 5 Assessment Evaluation and Catch Determination 
The current assessment of fish stocks in the SESSF is conducted under a tiered ap-
proach, whereby stocks with reliable and sufficient data, together with a robust assess-
ment, are assessed under a Tier 1 assessment, and stocks with data of less quality and 
quantity are assessed under Tier 3 (catch curve based) or Tier 4 (catch rate based) as-
sessments. In some circumstances, the data needed or available for even the lower 
ranked or higher tier assessments are not appropriate for these tiers. This may occur be-
cause of insufficient or unrepresentative sampling, market driven catches, insufficient 
data on catches or biology or biological/fishery characteristics that undermine the as-
sumptions of the current tier assessments (Carruthers et al., 2014). In such cases alterna-
tive methods are needed to assess the stock and set annual catches (recommended bio-
logical catches, RBCs).   
 
The harvest strategies adopted by the SESSF are composed of an assessment of the cur-
rent status of the stock using specified data types, with an associated harvest control rule 
that compares the estimated current status to a target (and a limit) reference point: being 
either a target biomass (Tier 1), target fishing mortality rate (Tier 3) or target catch rate 
(Tier 4). The harvest control rule then translates the relative stock status (or depletion 
level in the case of a Tier 1 assessment) into an RBC (Figure 8, Figure 9, and Figure 
10). The general principal of each HCR is that the lower the perceived stock status rela-
tive to its target, the lower the catch (the fishing mortality), with the aim of allowing the 
stock to build back up to meet the target reference point (Smith et al. 2008). 
 
The need to develop assessment methods to estimate the stock status of data-poor or 
data-limited fisheries is not restricted to Australia. For example, in 2006 the USA’s 
Magnuson-Stephens Fishery Conservations and Management Act (MSA) was amended 
to require scientifically derived annual catch limits for all federally-managed stocks in 
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the United States (with some exceptions; Newman et al., 2015). As a result there has 
been a great deal of effort and development occurring to produce methods that can gen-
erate catch limits in data-limited situations (Carruthers et al., 2014). Such methods can 
be categorized into three classes: 
 
1. catch-only methods 
2. catch methods supplemented by biological parameters (growth, natural mortality) 
3. catch methods supplemented by the inclusion of a simple model of dynamics. The 

data cannot be fitted to the model but implausible parameter combinations can be 
removed so that constraints are placed on the viable possible catches. 

 
The third class is relatively new (Martell and Froese, 2013) and, except for the DB-SRA 
method (Dick and MacCall, 2011), will not be considered further except in the discus-
sion of alternatives.  
 
The methods to assess stock status and set annual catches that are described below are 
categorized into those that only use a time-series of annual catch (catch-only methods) 
or those that have additional information, on biological parameters for example (catch-
supplemented methods).  

11.2.1 Catch-Only Methods 

Catch-only methods are utilized to estimate an RBC from data-poor methods where in-
sufficient data is available to reliably determine stock status from the currently available 
methods. Catch–only methods have been used by the South Atlantic Fishery Manage-
ment Council (SAFMC) and the Mid-Atlantic Fishery Management Council (MAFMC) 
to manage a number of their stocks (Carruthers et al., 2014). These methods are purely 
empirical and have no direct relation to the underlying dynamics. Data poor fisheries in 
New Zealand are assessed under various methods at least partly depending on data 
availability (Anon, 2012). A simple catch-only method commonly used estimates the 
maximum constant yield (MCY) as:  
 
1. the average catch over an time period appropriate to the species multiplied by 

a constant known as the natural variability factor c,   MCY = cYav 

The constant c attempts to account for natural variation in each stock’s productivity; the 
greater the expected variability, the lower the value of the constant (Table 3). If the pe-
riod over which the average catch method is calculated occurs when the stock was fully 
exploited, then the method should give an estimate of MCY. However, if it occurs dur-
ing development of the fishery or during under-exploitation, then the catch will be a 
conservative estimate of MCY (Ministry of Primary Industry, 2014).  
 
Table 3. The natural variability factor from New Zealand’s method four harvest control 
rule:  MCY = cYAV.  Ministry of Primary Industries (2014, p 29). 

Natural Mortality Rate: M  Natural Variability Factor  
< 0.05 1 

0.05 - 0.15 0.9 
0.16 - 0.25 0.8 
0.26 - 0.35 0.7 

> 0.35 0.6 
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Catch-only methods can be summarized to illustrate their slightly different approaches 
(Table 4), which vary from using an average, a median, or a maximum catch from a 
specified period. 
 
The first four methods described below (Table 4) do not have a harvest control rule that 
adjusts the recommended catch (e.g. through a fishing mortality) in attempts to manage 
the fishery towards a target (Wayte and Klaer, 2010; Little et al., 2011). In the case of 
the SESSF Tier 4 catch rate based assessment, if the catch rate is lower than the target 
catch rate, then the catch is scaled down on the assumption that the available biomass is 
proportional to the current catch rate (Little et al., 2011, Haddon, 2014). In Methods 1 – 
4, no other information is used other than catch and it is not generally considered ap-
propriate for catch to be a proxy for abundance. In Method 4, if it can be assumed that 
the average yield is taken from a period of relatively stable catch and stock biomass, 
then essentially a target catch has been identified. However, if catches are below the 
target catch, then this should not necessarily be an indicator that catches can be in-
creased toward the target, as the catches may be low because of low stock size. In fact, a 
more precautionary approach may suggest that catches should be further reduced under 
these circumstances, especially if catches have been low for an extended period of time, 
and adequate justification for the low catch values cannot be provided. If catches can 
reliably be said to be below the target catch simply because of market or operational 
decisions, then it may be reasonable to increase catches towards the target reference 
catch. In effect, the details of the harvest strategy that uses the cYav as a form of control 
rule has not been fully articulated to provide guidelines for all possibilities when apply-
ing the method. In all the methods 1 – 4, the assumption made is that the catches select-
ed by the method represent a stable and acceptable catch level for the fishery. This can-
not be considered even an approximate proxy for a target of MEY, however, the as-
sumption is made that whatever catch is selected it is sustainable, meaning that it ena-
bles the fishery to avoid the limit reference point.   
 

11.2.2 Model Assisted Catch-Only Methods 

If additional information, either estimated or assumed, can be combined with or can 
supplement a time-series of catches then further methods to assess and set catches can 
be suggested.  
 
 
Table 4. Some alternative catch-only methods for setting an RBC. 
T5 Code Brief Description RBC 
4 C3 Third highest landings over the last 10 years max(C0..-9) 

3 MC Median catch from the last 10 years median(C0..-9) 

3 MC Median catch from the last 3 years (last x years) median(C0..-2) 

5 CY Scaled average catch from a reference period  - MCY cY  
6 DB DB-SRA – depletion based – stock reduction analysis median(DB-SRA) 

7 DC DCAC – depletion corrected average catch Median(DCAC) 

8 DA DACS – depletion adjusted catch scalar median(DACS) 
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11.2.3 Depletion Adjusted Catch Scalar (DACS) 

Carruthers et al. (2014) proposed the Depletion Adjusted Catch Scalar (DACS) method, 
which is a control rule similar to that proposed by Berkson et al. (2011), whereby previ-
ous catch levels are adjusted according to periodic estimates of population depletion. 
The adjustment acts as a control rule, dynamically adjusting the catch. The catch is de-
fined as the mean inter-quartile catch, i.e. the average of all catches greater than the 25th 
percentile and less than the 75th percentile). The catch is then adjusted by a factor (b) 
according to: half, equal or twice the inter-quartile mean catch when current biomass is 
considered to be less than 20% of unfished, greater than 20% and less than 60% of un-
fished, and greater than 60% of unfished levels, respectively; equations (1) and (2). 
 
  IQCatch sbC=  (1) 
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Where CIQ is the average inter-quartile mean catch for a pre-defined period, and s is a 
scalar multiple. Carruthers et al. (2014) used an MSE to test the efficacy of the method 
for s scalars of 0.75 and 1.0; equivalent to the discounts used here of 0.25 and 0.0. 

11.2.4 Depletion-Corrected Average Catch (DCAC) 

Depletion-corrected average catch (DCAC; MacCall, 2009) uses depletion, FMSY/M, M 
and BMSY/B0 (the same inputs as DB-SRA) with an estimate of average annual catch to 
provide an estimate of sustainable catch. It also uses Monte Carlo sampling to generate 
estimates of uncertainty about the average catch estimates. MacCall (2009) used ad-
justments to well-known simple representation of stock dynamics (e.g. MSY = 0.5MB0) 
to take into account the fact that initial stock depletion includes the windfall catches ob-
tained by removing the biomass during the depletion. While this method does not pro-
vide an estimate of MSY it does provide a proxy suitable for a sustainable catch and 
MacCall recommends this method for the estimations of  “… a practical level of yield 
that is likely to be sustainable.” 

11.2.5 Depletion-Based Stock Reduction Analysis (DB-SRA) 

The depletion based stock reduction analysis (DB-SRA) method can be used if infor-
mation in addition to a catch time series and estimate of current depletion is available 
(Dick and MacCall, 2011; Carruthers et al., 2014). The additional information includes: 
the ratio of FMSY to the natural mortality rate (FMSY/M), the natural mortality rate (M), 
the most productive stock size depletion relative to unfished (BMSY/B0) and the age at 
maturity (Amat). Because it shares so many of the requirements it can thus be considered 
to be an extension to the DCAC method (MacCall, 2009). Plausible values for the re-
quired parameters are drawn from assumed distributions and iterated (through Monte 
Carlo simulation) using some form of production model to define recruitment (Dick and 
MacCall, 2011, used a new delay-difference population model but any production mod-
el could be used). For each sampled parameter set, the value of B0 (initial unfished bio-
mass) is found that produces the depletion, given the time-series of catches. Not all 
combinations of parameters will result in the given level of stock depletion. In some 
cases, stock biomass will become negative. These implausible combinations of parame-
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ter sets are discarded. For a particular set of plausible parameters, the value of Fmsy  and 
the catch at Fmsy (MSY) can be calculated, and used in future projections. Distributions 
of these parameters can also be considered. 
 
Feasible Stock Trajectories (FST) 

The feasible stock trajectories (FST) method of Bentley and Langley (2012) falls into 
the same class of models as DB-SRA. Namely, a pool of feasible trajectories (of say 
1000) is maintained each year, with those that are deemed infeasible removed from the 
pool. Similar to DB-SRA each trajectory is defined by a combination of parameters se-
lected from prior probability distributions (e.g. steepness, natural mortality) and varia-
bles (e.g. current biomass) which are updated on a yearly basis. Each year the variables 
are compared against likelihood functions that reflect the range of potential feasible val-
ues for the variables. Those trajectories that are infeasible, because one or more of the 
variables is beyond a feasible range, are removed from the pool and other trajectories 
are then tested for their feasibility. The suggested control rule for setting catches is the 
constant catch that achieves a target biomass in a pre-specified number of years. The 
control rule uses the full pool of potential trajectories to determine a distribution of po-
tential catches that achieve the target biomass. A percentile of this catch distribution is 
then used as the recommended catch quota, thus integrating across the uncertainty with-
in the pool of feasible trajectories. Here the FST approach was not investigated sepa-
rately to the DB-SRA approach. 

11.2.6 Further Alternatives 

The idea of using the catch history as a means of assessing the stock has led to some 
intense debate in the literature. Pauly (2013) argues that if all that is available is catch-
data then efforts must be made to use that and more fisheries should at least have catch 
data collected. Hilborn and Branch (2013), however, argue that catch-data alone will be 
misleading so often that it is dangerous to use such methods to provide management 
advice. The strategy of using MSE testing of such harvest strategies is more effective 
than merely arguing about their potential value and potential biases; the need for such 
formal testing applies to all catch-only data methods. 
 
The above is not an exhaustive list of possible methods. For example, the fishery status 
classification of Anderson et al. (2012) extends the methods originally proposed by 
Froese and Kesner-Reyes (2002) to assess stock status using only the time series of 
catch data (as a proportion of the peak maximum catch). By examining stocks with full 
quantitative stock assessments, they were able to categorize the sequence of develop-
ment of a fishery; from its early developmental stage, to full exploitation, over-
exploitation and potential collapse. This method would be difficult to implement with-
out a suitable harvest control rule, but if one could be developed it would become wor-
thy of testing.  
 
Those methods that use a form of stock reduction analysis are essentially attempting to 
identify plausible combinations of population dynamics that would at least be consistent 
with the observed catches. Martell and Froese (2103) have taken that idea and produced 
a method that explores the region of plausible dynamics by including a simple model of 
those dynamics., By using a simple Schaefer surplus production model and setting 
bounds on the parameters of that model, biomass trajectories that are inconsistent with 
the observed fishery can be eliminated (i.e. the observed catches might lead some com-
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binations to go extinct or to expand well above the hypothetical carrying capacity). By 
conducting a Monte Carlo analysis of the possibilities and using the outcomes of the 
plausible model parameter set, Martell and Froese (2014) are able to generate estimates 
of MSY along with uncertainty estimates about the management statistics. 
 
Martell and Froese’s (2014) harvest strategy has similarities with the approach de-
scribed by Bentley and Langley (2012) who describe a method that employs “Feasible 
stock trajectories”, although their underlying model is more complex than that used by 
Martell and Froese (2014). 
 
None of the three methods listed here will be included in the MSE testing of HS as they 
remain very new and as yet unused (although this will change for the Martell and Froese 
approach, Sabater and Kleiber, 2014). Nevertheless, these methods may become of in-
terest in the near future as more is learnt of how best to implement them in real world 
situations. 
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12 Appendix: MSE Methods 

12.1  Introduction 
A SESSF management strategy evaluation (MSE) framework has been developed over a 
number of years (Wayte 2009, Fay et al., 2009; Klaer and Wayte 2011), and provides a 
flexible platform for testing data requirements of harvest strategies as they apply to 
SESSF species in  particular, but also more generally. New projects that require MSE 
testing therefore no longer require the development time for the detailed operating 
model that incorporates uncertainty with the dynamics of a fish stock, sampling of data 
required for stock assessment, and the implementation of certain harvest strategies. 
   
The work proposed here is new, however, and hence requires adjustment of the simula-
tion of fisheries sampling to examine effects of different levels of precision and accu-
racy of data collected from the fishery, and also requires the implementation of new 
data-poor assessment methods and harvest control rules. However, these modifications 
to the existing system are relatively minor, thus allowing this proposal to be built as a 
one-year project, with greater focus on planning and running of appropriate simulations 
and interpretation of the results.  
   
It is standard practice to base MSE testing on species for which good information is 
available, so that the results across a full range of harvest strategies can be compared (in 
this case Tiers 1 to 5). The SESSF data rich species used in the following analyses were 
Tiger Flathead (Neoplatycephalus richardsoni) and School Whiting (Sillago flindersi), 
and testing is carried out under a range of stock depletion levels for each species includ-
ing being above, at, and below the target depletion level (initial depletion levels used 
were 0.18B0, 0.48B0, and 0.78B0). The intention of this was to determine whether each 
assessment method tested was capable of recovering a depleted stock, maintaining it 
close to the target, and of fishing a stock down in a controlled fashion.  
 
Two other species were considered for inclusion in the testing: Jackass Morwong (Ne-
madactylus macropterus) and Blue Grenadier (Macroronus novaezelandiae). However, 
preliminary testing showed that the characteristic episodic recruitment and delays in 
stock assessment/TAC application for Blue Grenadier create problems across harvest 
strategies that will require further investigation. Blue Grenadier was therefore removed 
from our list of species in favour of stocks with behaviour that is better known and more 
predictable. The biological characteristics of Jackass Morwong are not greatly different 
to Tiger Flathead, and the major difference in the history for that species is an apparent 
environmentally driven regime shift that has affected average recruitment levels 
(Wayte, 2013). How that regime shift is dealt with in projections creates various future 
scenarios that are not relevant for the current project. Therefore, Jackass Morwong has 
also been removed from the list. The remaining species, Tiger Flathead and School 
Whiting, encompass a relatively wide range of life history characteristics that determine 
productivity and stock variability, so results using them can be extended to a much lar-
ger list of other truly data-poor species. 
 
The Tier 1 harvest strategy in the SESSF, involves a fully quantitative stock assessment, 
has a variety of standard data sources including length and age composition and also an 
abundance index information. In the case where one of those sources contains an un-
known bias, if the bias is sufficiently or consistently large the assessment will show a 
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conflict among data sources, thereby allowing for recognition and investigation of the 
source of that bias, and dealing with it in some way, at least in alternative model struc-
tures via sensitivity analysis. However, Tiers 3 and 4 both rely on a single source of in-
put data (age composition and CPUE trends, respectively), which implies that such bi-
ases would not be detected.  
 
The Tier 5 procedures considered can be either fixed, where a single catch level is set at 
the start of the projections, or dynamic, where there is feedback from any response of 
the stock and the analyses are updated regularly using new data from the fishery. As 
with the Tier 3 and 4, bias or imprecision could not be detected in either of these Tier 5 
approaches.   

12.2  Initial Conditions  
Before each MSE run the operating model needs to be initialized to some predefined 
state; it needs to be conditioned on a given species and fishery. The conditioning con-
sists of defining the parameters of the population dynamics and of the fishery to relate 
to a particular species/fishery combination. Thus, values for an array of biological char-
acteristics (growth, recruitment, maturity, and natural mortality) are parameterized 
within the operating model and these need to be defined before the MSE can be run. In 
addition, details of the fishery, including, for example, the number of fleets, areas, fish-
ing methods and their respective selectivity patterns, are also parameterized. This condi-
tioning is based on the outcomes of the fully articulated age-structured integrated as-
sessment models that have been developed for both Flathead (Klaer, 2011; Day and 
Klaer, 2014) and School Whiting (Day, 2010, 2012). 
 
Once the model is conditioned on the selected species biology and the fishery then the 
dynamics need to be initiated. The model begins in an equilibrium unfished state and 
the historical catches in each case are used to fish down each simulated fishery. How-
ever, instead of only starting the simulations from whatever state the actual fishery is at 
after its historical catches, the aim in the MSE testing is to determine two things about 
each harvest strategy, these are whether: 1) it can recover a fishery if it starts in a de-
pleted state, moving it away from any limit reference point and towards the selected tar-
get and 2) it can control a fish down from a lightly depleted state down towards the se-
lected target. To set up these conditions of being below the target and being above the 
target, the historical catches remained the same but the average recruitment levels re-
quired to achieve these degrees of depletion is altered. The historical catches, with the 
altered average recruitment levels, are applied to the unfished equilibrium state until the 
desired depletion level is achieved in the simulation at the start of year 1, equivalent to 
2009; this was the year in which the projections begin using the harvest strategy under 
test to set the TAC each year. Recruitment variability was introduced for the last 20 
years of the historical catches so as to have the projections begin with more realistic 
levels of variability.   
 
The harvest strategy would include the sampling containing the assumed levels of bias 
and precision, and then run for a further 30 years (2009 – 2038) with 100 replicate runs 
made for each scenario considered.  In practice, and not surprisingly, the median deple-
tion levels generated by the operating model in 2009, at the start of the projections, var-
ied between Flathead and School Whiting (Table 5).  
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Table 5. Actual depletion levels at the start of 2009, the start of the projection period, as 
a % of B0, at the end of the conditioning phase. Individual runs would exhibit differ-
ences in their depletion levels in 2009 due to variation in the recruitment time series. All 
the distributions were skewed to the right (a greater spread above the median than be-
low). ‘Highly’ means highly depleted and lightly means lightly depleted 

Species Status Lower 5% Median Upper 95% 
Flathead Highly 30.7 32.8 37.3 
Flathead Lightly 56.5 58.8 64.1 

School Whiting Highly 30.9 40.2 55.8 
School Whiting Lightly 55.0 64.8 81.3 

 
 

12.3  The Appropriateness of Tier harvest strategies 
The first objective here is to “Establish guidelines, using SESSF case studies, for when 
the particular Tier harvest strategy for a given stock becomes inappropriate and make 
explicit recommendations as to what response would then be appropriate.” 
 
The selection of which SESSF harvest strategy Tier to use is currently based primarily 
on the available information that can be used to make an assessment of stock status. To 
be explicit about why this can be a problem, the selection does not currently take into 
account the capacity of any selected Tier at estimating stock status from that available 
data. The first objective therefore requires an examination of the consequences of the 
application of the current Tier 3 or Tier 4 when the data may not be of sufficient quality 
to support that application. Errors in observations can be categorised as related to preci-
sion and bias (or accuracy; Figure 11), which can be examined explicitly and separately 
in the context of SESSF Tiers and species. 
 

 
Figure 11. Illustrations of the notions of precision and bias. It is possible to be relatively impre-
cise but unbiased (a), analogously it is possible to have a precise estimate which is biased (b) 
such that the estimate completely misses the true mean. 
 
SESSF MSE work to date (Wayte 2009, Klaer and Wayte 2011) has assumed that sam-
pling from the simulated fish population is at  levels of precision that reflect average 
apparent observed levels across many species. It also assumes that sampling is random 
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and unbiased and therefore accurately represents the stock. Where stocks are spatially 
heterogeneous or have an extensive geographical distribution and sampling occurs un-
evenly across different areas then biases may enter the data simply through uneven 
sampling of natural variation. In the simulated sampling within the MSE the precision 
and bias within sample collections will be varied across all major sampled data sources 
(CPUE, length, age) to determine how, for each harvest strategy or Tier, this modifies 
the risk to the stock, as defined by the harvest strategy policy, and the ability of the HS 
to achieve and maintain the target depletion level.  
 
The effect of data precision is simplest to implement, and requires testing of a range of 
assumed variance values for sample collection from the simulated population. Data ac-
curacy (bias) is more difficult to implement but can be addressed using plausible scenar-
ios. Examples are a bias towards sampling of more longer/older fish from the popula-
tion, or a linear trend in catchability in a CPUE index. The latter specifically allows test-
ing of the effect of gear/vessel improvements over time (often termed ‘effort creep’) 
that may not have been accounted for in CPUE standardisations, and how that may af-
fect the outcome of the application of Tier 4. A total of 36 different combinations of 
bias and precision were tested with 18 on Tier 3 and 18 on Tier 4 (Table 6).  
 

12.3.1 Changed Sampling Precision for Composition Data 

The level of precision for composition data is determined by the simulated number of 
annual samples collected. For length composition the standard value in MSE simula-
tions is 1000, and for age samples is 500. The number of samples collected annually 
throughout the projected time period will be varied from these defaults to test the effect 
of composition data precision on stock status outcomes (Table 6). 
 
The stated age composition sample size is the total number of samples spread across all 
fleets in a given year. The sample size taken from each fleet is allocated according to 
the proportion of catch taken from that fleet in the year of sampling. In the implementa-
tion of Tier 3 in the MSE, current F is estimated for all fleets that have taken more than 
30% of the catch in the last 5 years, and then averaged over fleets using catch weight-
ing.  The Tier 3 F estimation method is known to be unstable for  age samples with a 
very small sample size (e.g. <= 50). For a fleet that has taken 30% of the catch, the 
sample size will be 0.3 x total number of samples. To ensure a minimum sample size of 
50 requires a total sample size of 166. We have rounded this down to 150, so that the 
minimum sample size for any fleet used in Tier 3 calculations will be 45. 
 

12.3.2 Changed Sampling Precision for CPUE Data 

In the implementation of the Tier 4 harvest strategy in the MSE, the cpue of the fleet 
with the highest proportion of catch over the last 5 historic years is used in the HCR. 
For both Flathead the CPUE from the diesel trawl fleet was used, while for School 
Whiting the CPUE from the Danish seine fleet was used. 
 
When CPUE data are simulated from available biomass in the MSE operating model, a 
default level of imprecision is assumed for annual CPUE points using assumed CVs 
from  the Tier 1 assessment on which the operating model is based. For Flathead the 
base cpue fleet CV is 0.05 and for Whiting it is 0.3. The alternative values for CPUE 
imprecision that are tested are 0.15, 0.45, 0.6 and 0.9; the assumption of linearity be-
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tween relative abundance and CPUE was not tested at this time. 

12.3.3 Applying Bias to Composition Data 

In the scenario used, the true (length or age) composition distribution is multiplied by a 
logistic bias factor that increases each year of the projection for 20 years, and then stays 
the same for the final 10 years (Figure 12 and Figure 13). Each composition is then 
rescaled so it sums to 1. The bias factor for each length class in each year is: 
  

  ( )
1

1
1 m

l
y b l l

y
p A

nye −
 = − + 

 (3) 

where  
b is the logistic slope parameter; a b = -0.6 or 0.6 leads either to a bias towards 

smaller or to younger fish (Figure 12) and b = -3.0 or 3.0 leads either to a bias 
towards younger or older fish (Figure 13); 

l  is the mid-point of a given length or age class; 
lm is the mode of the true length distribution in the first year that the bias is applied, 

or is the true mean age in the most recent  ten historic years; 
y is 1 in the first year, 2 in the second year, .. ny in the nyth to 30th years; 
ny is the number of years for which the incremental bias is applied; and 
A  is either 1 or 0.5, to apply either  full or half the amount of bias. 
 
 

 
Figure 12. Bias factors applied to length compositions. The top line in each plot is the 
bias function applied to lengths in the first year of bias application, and the bottommost 
line is the bias function applied to lengths in the 20th and subsequent years. The plot on 
the left uses b=0.6, and the plot on the right uses b=-0.6. 
 
The simulations are arranged such that if the compositional bias is applied to the same 
unbiased distribution in each year in a cumulatively increasing fashion, equ (3), the 
effect of the bias can be seen, when applied to a stable population structure without 
variations in the population dynamics (Figure 14 and Figure 15 illustrate bias applied 
to a constant length distribution, while Figure 16 and Figure 18 illustrate bias applied 
to a constant age frequency composition). In the MSE, variations within the population 
dynamics each year (recruitment catch, etc) imply that the unbiased distribution in each 
year would invariably be different. 
 
In the MSE, the bias is applied to the true frequency compositions by sex (for each fleet, 
year, and type [retained/discarded]), error is applied to each of those compositions, then 
the composition is combined over sexes (if using Tier 3).  
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Figure 13. Bias factors applied to age compositions. The top line in each plot is the bias 
function applied to ages in the first year of bias application, and the bottommost line is 
the bias function applied to ages in the 20th and subsequent years. The plot on the left 
uses b=3.0, and the plot on the right uses b=-3.0. 
 
 

 
Figure 14. An example of incremental right-skewed bias (biased towards smaller fish) applied 
to a constant length composition. Bias is applied gradually from 2007. Full logistic bias is 
applied in 2026, and for the subsequent 10 years (not shown). The red line is the unbiased 
distribution. The black line with grey fill is the biased distribution that represents the sampling. 
In reality, and the MSE, such a constant length composition would not occur. 
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Figure 15. An example of incremental left-skewed bias applied to a length composition (a bias 
towards larger animals). Bias is applied gradually from 2007. Full logistic bias is applied in 
2026, and for the subsequent 10 years (not shown). The red line is the unbiased distribution. The 
black line with grey fill is the biased distribution that represents the sampling. In reality, and the 
MSE, such a constant length composition would not occur. 
 

12.3.4 Applying Bias to CPUE data 

A linear change will be applied over a range of years starting from the present; this 
mimics the form of a constant effort creep.  Bias multipliers that both increase and de-
crease the CPUE will be tested. The CPUE generated from the operating model is mul-
tiplied by a bias factor which gradually increases for 20 years, and stays at the same 
level for the next 10 years. The bias factor is:  
 

  ( )1 1y

y
p CPUEbias

ny
= + −  (4) 

where   
y is 1 in the first year, 2 in the second year, .. ny in the nyth to 30th years; 
ny is the number of years for which the incremental bias is applied, which 

was 20 in all runs; and 
CPUEbias takes the values 0.25, 0.5, 1.5 or 2.0. 
 
The bias factor, py, by year is shown in Figure 17, and an example of the application of 
a bias multiplier of 2.0 is given in Figure 19. 

 

2007

0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14

length comps, sexes combined, retained, fleet_2

Length (cm)

P
ro

po
rti

on

2008

0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14

2009

0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14

2010

0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14

2011

20 30 40 50

0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14

2012

2013

2014

2015

2016

20 30 40 50

2017

2018

2019

2020

2021

20 30 40 50

2022

2023

2024

2025

2026

20 30 40 50



50   | Options for a Tier 5 Harvest Strategy 

 

 
Figure 16. An example of incremental right-skewed bias applied to an age composition (a bias 
towards younger animals). Bias is applied gradually from 2007. Full logistic bias is applied in 
2026, and for the subsequent 10 years (not shown). The red line is the unbiased distribution. The 
black line with grey fill is the biased distribution that represents the sampling. In the MSE, such 
a constant age composition would not occur. 
 
 
 

 
Figure 17. Bias multiplier for CPUE, for the four values of CPUEbias (0.25 (red), 0.5 
(blue), 1.5 (green) and 2.0 (purple)). 
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Figure 18. An example of incremental left-skewed bias applied to an age composition (a 
bias towards older animals). Bias is applied gradually from 2007. Full logistic bias is 
applied in 2026, and for the subsequent 10 years (not shown). The red line is the 
unbiased distribution. The black line with grey fill is the biased distribution that 
represents the sampling. In the MSE, such a constant age composition would not occur. 
 

 
Figure 19. An example of the maximum bias increase applied to a cpue series with ran-
dom error added. Bias is applied gradually from 2007. The full bias (CPUEbias = 2.0)  
is applied in 2026, and for the subsequent  years. The blue line is true cpue from the op-
erating model, the red has random error added, and the green has bias in addition to the 
random error. 
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Table 6.  MSE run specifications for testing the effects of sample precision and bias 
on stock status outcomes for Tiers 3 and 4 per species (major differences among 
runs highlighted in rose). The base levels of precision (CV) for the CPUE was 0.05 
for Flathead and 0.3 for School Whiting. The sample size of 500 was the base line 
levels of precision for the age structure. The CPUE CV is irrelevant to the Tier 3 
and the age sample size is irrelevant to the Tier 4. There are 18 scenarios for Tier 3 
and 20 for Tier 4. Heavily depleted = below target, Lightly depleted = above target. 

Starting Tier Precision Age N Bias  
Depletion  CPUE CV samples CPUE Age 
Lightly 3 Base level 500 1 0 
Lightly 3 Base level 150 1 0 
Lightly 3 Base level 250 1 0 
Lightly 3 Base level 1000 1 0 
Lightly 3 Base level 500 1 0 
Lightly 3 Base level 500 1 -1 
Lightly 3 Base level 500 1 -0.5 
Lightly 3 Base level 500 1 0.5 
Lightly 3 Base level 500 1 1 
Heavily 3 Base level 500 1 0 
Heavily 3 Base level 150 1 0 
Heavily 3 Base level 250 1 0 
Heavily 3 Base level 1000 1 0 
Heavily 3 Base level 500 1 0 
Heavily 3 Base level 500 1 -1 
Heavily 3 Base level 500 1 -0.5 
Heavily 3 Base level 500 1 0.5 
Heavily 3 Base level 500 1 1 
Lightly 4 0.05 500 1 0 
Lightly 4 0.15 500 1 0 
Lightly 4 0.45 500 1 0 
Lightly 4 0.8 500 1 0 
Lightly 4 0.9 500 1 0 
Lightly 4 Base level 500 1 0 
Lightly 4 Base level 500 0.25 0 
Lightly 4 Base level 500 0.5 0 
Lightly 4 Base level 500 1.5 0 
Lightly 4 Base level 500 2 0 
Heavily 4 0.05 500 1 0 
Heavily 4 0.15 500 1 0 
Heavily 4 0.45 500 1 0 
Heavily 4 0.8 500 1 0 
Heavily 4 0.9 500 1 0 
Heavily 4 Base level 500 1 0 
Heavily 4 Base level 500 0.25 0 
Heavily 4 Base level 500 0.5 0 
Heavily 4 Base level 500 1.5 0 
Heavily 4 Base level 500 2 0 
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12.3.5 Testing effects of data precision and bias on Tier 3 and Tier 4 

For each species (Flathead and School Whiting), changes in precision and bias are in-
troduced from the current year to year 20 in a projection, and then remain at the 
changed level to the end year of the projection at year 30. This will allow 10 years for 
the stock to tend towards equilibrium by the end of the projection under the applied 
change. An important component of the Tier 3 harvest control rule is a maximum RBC 
change of 50% (Fay et al., 2013). This meta-rule was only applied after the first pro-
jected year because past catches were not necessarily consistent with the altered R0 used 
to obtain the required starting stock status.  
 
Each scenario is defined by its starting depletion (Heavily depleted – below target, or 
lightly depleted – above target; Table 5), the Tier being applied (3 or 4), the precision 
of the CPUE sampling, and the sample size for ages, and finally the bias applied to the 
CPUE and the ages (Table 6).  

12.4   Potential Tier 5 Approaches 
When none of the present Tier harvest strategies are appropriate and yet explicit man-
agement advice as to sustainable catches is required (when an ERA would be insuffi-
cient), then options for alternative harvest strategies and Tiers are needed. These are re-
ferred to generically as Tier 5 methods; multiple possible Tier 5 assessment methods 
might be recommended to allow for the selection of a method most appropriate to par-
ticular circumstances but all could be referred to as Tier 5 methods. 
 
The six potential Tier 5 candidate procedures, identified in the introduction, were im-
plemented within the SESSF MSE in preparation for testing against each other (Table 
7), using four different HS performance measures relating to short-term and long-term 
stock risk, the total yield, and RBC variability (see section 12.4.1; e.g. Wayte, 2009; 
Klaer and Wayte 2011). Harvest control rules associated with each procedure were also 
decided or developed (Table 4, Table 7).  
 
Runs to be completed for performance testing of the procedures are summarised in Ta-
ble 9. In recognition of current discount factors applying to the RBCs produced by data 
poor methods in the SESSF, resulting RBC values from the tested harvest strategies 
were also subjected to discount factors of zero (no discount) and 25%. In addition, the 
initial stock status in 2009 was assumed to be either 18%B0 = Low or 78%B0 = High 
(see Table 5 for the actual depletion levels). With the two species, the relatively high or 
low stock status, and the two different discount levels this equates to 8 times the 25 dif-
ferent run specifications, meaning 200 runs in total (Table 8). 
 
For the fixed methods, in which the RBCs are set and held constant throughout the pro-
jection, we use the last 10 (or 3 for method 3) years of historic catches to set the RBC.  
 
For the three methods that require a stock status estimate (DB-SRA, DCAC, and 
DACS) the assumption is made that stock status at the end of the historical catches (the 
start of the projections; 2009) was 48%B0, and three levels of assumed change in stock 
status over the final 10 year period of historical catches were tested: 0, +30% and -30%. 
This is the same as assuming that the stock status in 2009 was either 48%B0, 78%B0, or 
18%B0.  
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For the feedback or dynamic scenarios of the catch-based methods, the most recent 10 
(or 3) years of catches are used to set the RBCs. For the methods that require a stock 
status estimate  we use the last 10 historic years of catches to the current year; thus the 
number of years can extent from 10 out to 39 in the final year of projection. As with the 
fixed catch based methods that required a stock status estimate, we assume implicitly 
that stock status in 1989 was 48%B0, and test three levels of assumed change in stock 
status over the period from 10 years prior to start of projections to current year: 0, +30% 
and -30%. 
 
Table 7. Alternative catch-based Tier 5 approaches to be tested. The code can be either 
the number or the text label. The ‘∆ stock status’ relates to the assumed change in stock 
status over the period prior to the projections (a required input for the dynamic Tier 5 
assessments involved. Modified DACS procedure described by Carruthers et al. (2014). 
Type Code Procedure Catch period ∆ stock status Source 

Fixed 3 MC Median catch Last 3 historic  MAFMC 

 3 MC Median catch Last 10 historic  SAFMC 

 4 C3 3rd highest catch   Last 10 historic  SAFMC 

 6 DB DB-SRA Last 10 historic 0, +30%, -30% Dick and MacCall, 2011 

 7 DC DCAC Last 10 historic 0, +30%, -30% MacCall, 2009 

 8 DA DACS Last 10 historic 0, +30%, -30% 
Berkson et al., 2011, 
modified  

 5 CY MCY 
Tier 4 reference 
period 

 NZ 

Dynamic 3 MC Median catch 3 most recent  MAFMC 

 3 MC Median catch 10 most recent  SAFMC 

 4 C3 3rd highest catch   10 most recent  SAFMC 

 6 DB DB-SRA  
Last 10 historic 
to most recent  

0, +30%, -30% Dick and MacCall, 2011 

 7 DC DCAC  
Last 10 historic 
to most recent 

0, +30%, -30% MacCall, 2009 

 8 DA DACS 
Last 10 historic 
to most recent 

 
Berkson et al., 2011, 
modified 

 
 
Table 8. Combinations of species, initial depletion levels, and potential discount ap-
plied to each possible Tier 5 Harvest Strategy. With each of these considered for each of 
the 25 scenarios listed in Table 9, there were a total of 200 separate sets of replicate 
simulations. 

Species Initial Depletion Discount 
Flathead H 0 
Flathead H 25 
Flathead L 0 
Flathead L 25 

School Whiting H 0 
School Whiting H 25 
School Whiting L 0 
School Whiting L 25 
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12.4.1 Harvest Strategy Performance Measures  

The performance of each catch-based HS was evaluated by summary plots of the fol-
lowing six performance measures relating to stock level, catch, and variability in catch: 
 
1. average annual catch over the projection period of f years: 
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where y1  and yf are the first and final years of the projection period, respectively, and Ct 
is the catch in year t, in all cases there were 1 – 30 years of projection;  
 
2. spawning stock biomass (SSB) in the final year relative to unfished SSB (depletion 

level):  
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Where Df is the depletion level in the final year f, SSBf is the spawning stock biomass in 
year f, and B0 is the unfished SSB;  
 
3. catch variability: average absolute percentage inter-annual change in catch 

(%AAV) over the projection period: 
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where y2 is the second year of the projection period; and 
 
4. probability of the spawning biomass going below the limit reference point (B20) at 

any time during the projection period.  
 
  ( ) ( )
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where LRP is the limit reference point (= 20%B0 or its proxy). The Commonwealth 
Harvest Strategy Policy sets a limit of staying above the LRP at least 90% of the time so 
if the probability of falling below is greater than 10% this would constitute a failure. 
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Table 9.  MSE run specifications for alternative catch-based Tier 5 Harvest Strategies 
per species, starting stock status and discount level, each separated by a dashed line. 
MC – median catch; C3 – 3rd highest catch; CY – MCY; DB – DB-SRA; DC – DCAC; 
and DA – DACS. Note the scenarios are not in numerical order, but are in the same or-
der as plotted on the diagrams in the data-poor section. 

Scenario 
Tier5 
type 

Fixed (x)  
Dynamic 

(B) 

Catch 
period 

Depletion 
change 

1999 - 2009 

Assumed 
depletion 
in 2009 

1,26,51,76,101,126,151,176 3 MC x 3  0.48 
3,28,53,78,103,128,153,178 3 MC x 10  0.48 
2,27,52,77,102,127,152,177 3 MC B 3  0.48 
4,29,54,79,104,129,154,179 3 MC B 10  0.48 
5,30,55,80,105,130,155,180 4 C3 x 10  0.48 
6,31,56,81,106,131,156,181 4 C3 B 10  0.48 
7,32,57,82,107,132,157,182 5 CY x 10  0.48 
8,33,58,83,108,133,158,183 6 DB x 10  0.48 
11,36,61,86,111,136,161,186 6 DB x 10  0.18 
14,39,64,89,114,139,164,189 6 DB x 10  0.78 
17,42,67,92,117,142,167,192 6 DB B 10  0.48 
20,45,70,95,120,145,170,195 6 DB B 10  0.18 
23,48,73,98,123,148,173,198 6 DB B 10  0.78 
9,34,59,84,109,134,159,184 7 DC x 10 0.0 0.48 
12,37,62,87,112,137,162,187 7 DC x 10 +0.3 0.78 
15,40,65,90,115,140,165,190 7 DC x 10 -0.3 0.18 
18,43,68,93,118,143,168,193 7 DC B 10 0.0 0.48 
21,46,71,96,121,146,171,196 7 DC B 10 +0.3 0.78 
24,49,74,99,124,149,174,199 7 DC B 10 -0.3 0.18 
10,35,60,85,110,135,160,185 8 DA x 10  0.48 
13,38,63,88,113,138,163,188 8 DA x 10  0.18 
16,41,66,91,116,141,166,191 8 DA x 10  0.78 
19,44,69,94,119,144,169,194 8 DA B 10  0.48 
22,47,72,97,122,147,172,197 8 DA B 10  0.18 
25,50,75,100,125,150,175,200 8 DA B 10  0.78 
 
 

12.5   Application of Assessment Methods to Current Fisheries 
To provide examples of the application of the suggested methods from this study data 
for three species (Flathead, School Whiting and Jackass Morwong) were collated and 
the following methods applied to generate catch estimates. The species selected each 
had relatively long catch histories so that the effect of the catch history length could also 
be investigated empirically: 
 
Depletion Corrected Average Catch – generates estimates of sustainable catch along 
with estimates of uncertainty about those estimates. 
 
Depletion-Based Stock Reduction Analysis – generates estimates of MSY and FMSY, 
BMSY, and the final depletion of the stock. 
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Both of these methods use an underlying production model to mimic the stock dynam-
ics, which is what enables them to provide estimates of uncertainty. This is an advan-
tage of the simple average or median catch methods, which very often under-estimate 
potential catches, although still provide for better advice than no advice or status quo. 
The MSE testing is for the application of these methods to truly data-poor fisheries, 
which is why the time line of 10 years was used. In practice, in the SESSF, it is often 
the case that longer time frames of catch data are available so the MSE is presenting 
worst case scenarios. To examine this a simple form of inverse retrospective analysis 
will also be carried out where the full catch data set will be sequentially culled from the 
beginning forward. 
 
The catch histories were taken from the latest stock assessments for each species so for 
Flathead this was from 1915 – 2012. For Jackass Morwong it was from 1915- 2010, and 
for School Whiting it was from 1980 – 2008. 
 

12.5.1 Further Alternative Tier 5 Methods 

Martell and Froese (2014) propose the Catch-MSY a method for estimating MSY from 
catch data, the maximum rate of population increase, r, carrying capacity, k, and as-
sumptions about relative stock sizes at the first and final year of the catch data time se-
ries. The method randomly draws r-k pairs parameters from a Schaeffer production 
model, from a uniform prior distribution, and then determines whether the parameter 
pairs are feasible, namely the stock does not go extinct or exceed carrying capacity and 
the final relative biomass estimate falls within the specified range of depletion. From 
the set of feasible r-k pairs, an estimate of MSY is calculated. The lower and upper val-
ues for the uniform distribution of the carrying capacity parameter k were set at the 
maximum catch in the time-series and 100 times the maximum catch. Default values 
(Table 10) for the range of values for r were based upon resilience estimates from 
FishBase: High (0.6-1.5), Medium (0.2-1), Low (0.05-0.5) and Very Low (0.015-0.1). 
Initial and final estimates of depletion were based on the catches relative to the maxi-
mum catch: 
 
 
Table 10. Default values in the Catch-MSY method for the range of depletion values 
for the start and the end of a time series in relation to how catches have varied through 
time in each fishery.   

 B/k Catch/Max Catch 
First Year 0.5 - 0.9  < 0.5 

 0.3 - 0.6 >= 0.5 
Final Year 0.3 - 0.7 > 0.5 

 0.01 - 0.4 <= 0.5 
 
On comparison of the Catch-MSY Method with 146 stocks with full stock assessments, 
Martell and Froese (2014) found excellent agreement between estimates of MSY. This 
method was relatively new and further developments are being undertaken so this was 
not included in the testing although once completed this should be attempted. 
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13 Appendix: MSE Results and Discussion 

13.1  Current Criteria for Appropriateness of a Tier 
Determining the appropriateness of a particular assessment (and in the SESSF the asso-
ciated Harvest Strategy) is currently something that has not been attempted formally. In 
fact, there are no standard, routine methods, or formal criteria that can be applied to de-
termine whether a fisheries stock assessment is appropriate or not independently of the 
assessment and management process in which it is embedded. Ideally, given data typi-
cal of a fishery, one would use simulation testing to determine how well it was possible 
to estimate the stock status performance measures (whether that is the BCurr/B0 of a tier 
1, the Fcurr of the tier 3, or the scaling factor SFcurr of the tier 4); and by ‘how well’ is 
meant how precisely and can it be done without bias. If that were known then decisions 
could be made as to how precise an estimate was necessary before a particular tier was 
deemed inappropriate (or possibly too expensive to make it appropriate). But even if 
this process were to be conducted regularly it would not capture all the possible issues 
concerning the appropriateness of different assessments. The precision of any estimate 
is certainly related to how inherently variable the data being used tends to be but can 
also be greatly affected by whether or not the data used in an assessment is truly repre-
sentative of the stock as a whole. Individual samples are taken within particular geo-
graphical and depth bounds from particular vessels. Spatial differences in the biological 
characteristics of a fished species (e.g. differences in its growth or size at maturity, 
shape, etc) often occur and if these are large enough that two samples from two areas 
can appear very different then to obtain representative sampling of a stock can be either 
very difficult, very expensive, or both. The assumption that the available data represents 
the stock as a whole is again difficult to test although high levels of variation in data 
between years would be indicative that something about the sampling is not managing 
to capture the full variation within the stock as a whole (Figure 20). 
 
 

 
Figure 20. Age distributions sampled from the catches of Blue Grenadier (Macroronus no-
vaezelandiae; left-hand graph) and Blue-Eye Trevalla (Hyperoglyphe antarctica; right-hand 
graph) for the years 2001 – 2010 (Klaer et al, 2014), illustrating the variation between years by 
species. Both species have sample sizes that should be sufficient to provide a good representa-
tion if the stock were homogeneous in its properties. The Blue Grenadier samples are almost 
ideal data with clear year classes progressing each year and with consistency through time. 
Blue-Eye Trevalla, on the other hand, shows inconsistencies every year with annual progres-
sions of year classes being vague and ephemeral at best. 
 
Tier 1 stock assessments based on the Blue Grenadier data use the strong signal in the 
ageing data combined with other data streams (CPUE, length frequencies, etc.) to pro-
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vide precise and well defined outcomes. Strictly the Tier 3 modified catch curves cannot 
be validly applied to the Blue Grenadier data despite the excellent delineation of the co-
horts because the selectivity by trawl is dome shaped (Figure 21). This implies that the 
larger, older fish will be under-represented in the catch and any samples from that catch. 
In turn this would bias any estimates of fishing mortality from the catch curves because 
the proportion of older fish would be lower than it should be, which would appear as if 
they had all died. On the other hand, there have been two attempts to produce a Tier 1 
assessment using the available Blue-Eye Trevalla data and each time there have been 
conflicts between any trends apparent in different data streams and plausible solutions 
cannot be found when trying to fit fully articulated integrated assessment models. If the 
available data are not representative then a solution is not always possible. As Tukey 
(1980, p74-75) put it: “The combination of some data and an aching desire for an an-
swer does not ensure that a reasonable answer can be extracted from a given body of 
data.” 
 
 

 
Figure 21. The selectivity curve for Blue Grenadier in the non-spawning fishery in the SESSF. 
The doming of the selectivity curve implies that there will be fish (and biomass) which are not 
seen in the samples. 
 

13.1.1 Diagnostic Plots 

Currently, when a stock assessment is conducted some diagnostic plots are presented to 
the different resource assessment groups (RAGs) as a means of displaying graphically 
how well the model fits the data. Mismatches between the predicted values and those 
observed often highlight data from particular years as being atypical or at least inconsis-
tent with earlier and later data. The advantage of including a model of the dynamics of a 
given stock is that this constrains the possible trends within any data stream to at least 
be consistent through time. The uncertainty and variation inherent in observing any 
natural system is one reason why the predicted trends in CPUE or age-structures, etc, 
tend to be smooth and change gradually (although recruitment can certainly differ 
markedly each year) while the observations from the fishery usually vary far more 
(Figure 22).  
 
While such diagnostic plots are useful for illustrating the relative fit of a model to its 
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data they do not come with specified criteria for quality of fit except where two or mod-
els are being directly compared (e,g, likelihood ratio tests, AIC criteria). For example, in 
Figure 22, in 1983 the match between the observed length frequency and the predicted 
appears to be very good, while that in 1993 does not. This might make the person con-
ducting the assessment look closely at the 1993 data but as the cumulative fit across the 
whole (and the years not illustrated) is acceptable on average, then the 1993 data is put 
down to noise and ignored. 
 

 
Figure 22. A comparison of the observed with the predicted data from two of the many data 
streams used in the Tier 1 stock assessment for Tiger Flathead (Neoplatycephalus richardsoni). 
On the left is the CPUE from the early Danish seine fleet with the blue line representing the 
predicted values and the dots and bars representing the observed CPUE with an estimate of 
variance around each estimate. On the right is the length composition of the eastern trawl fleet 
(SESSF zones 10 and 20) for a selection of years. The red predicted lines change smoothly and 
gradually while the actual observations are less well behaved (this represents an acceptable fit). 
 
There are thus formal methods for comparing the relative quality of the fit of two or 
more models fitted to the same data but these approaches do not provide guidance when 
there is only one model and its validity is under question. 
 

13.1.2 Tier Selection 

The Resource Assessment Group (RAG) involved with each fishery has the responsibil-
ity of providing stock assessment advice to the management agency and part of that is 
the selection of an appropriate Tier. The selection of which Tier harvest strategy, with 
its associated assessment method, to apply to a particular fishery, is made or agreed to 
by the whole RAG rather than just the assessment scientist. So the idea of determining 
whether a particular tier is appropriate to a given species cannot be determined in a 
purely statistical manner. Currently there is judgement involved not only with respect to 
the data used but also about whether the processes involved in the stock dynamics have 
been modelled in a manner that is realistic or not.  
 
The RAG is free to discuss the quality of fit of data streams to the predicted values, but 
also whether there are exceptional circumstances occurring in the fishery that might in-
validate the application of a particular method. Of particular interest to catch-only status 
assessment methods is whether the catches are being influenced by factors other than 
stock availability. The market for a fish can definitely influence whether or not fishers 
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will target or even land a species; currently (2014/2015) for example, the TAC for a 
number of relatively important species in the SESSF are not being fully landed. The 
reasons for this have yet to be determined in detail, although from previous Tier 1 stock 
assessments it does not seem due to a lack of availability of the stocks. This would im-
ply that the current catches are not necessarily indicative of what could be taken. The 
simple average or median catch methods would be vulnerable to such issues. The 
DCAC and DB-SRA would be less prone to a problem because they also include an es-
timate of the final years depletion level, and if catches were artificially low then the use 
of a higher final depletion might be justified, which should adjust the catches accord-
ingly. 
 
With all stock assessment methods there is room for the development of more formal 
guidelines for when to reject a stock assessment due to flawed data, and this would be a 
valuable contribution world-wide. However, if equal importance is whether or not the 
model or assessment specification provides an adequate representation of the stock dy-
namics. As well as the usual array of diagnostic plots, it would be a useful addition to 
all stock assessments to include arguments and a justification for the use of the model 
structure used (even where that model structure is something very simply such as: 
CPUE really does provide a linear index of relative abundance through time).  
 

13.1.3 Meeting Assumptions 

This would include a discussion of whether or how well the data and fishery meet the 
assumptions of each stock assessment method and Tier. Thus, if there are arguments 
that CPUE does not consistently represent the relative abundance of the complete stock 
through time, then the application of the SESSF Tier 4 would not be appropriate. This is 
the same as claiming that the Tier 4 in that case would be unable to provide an adequate 
(precise and unbiased) estimate of the target catch multiplier SFcurr, and so could only be 
expected to provide misleading management advice.   
 
There have been moves to produce a minimum specification of what should be pre-
sented in each stock assessment. It is recommended that a section that explicitly dis-
cusses and defends the degree to which the assessment selected for a species is having 
its assumptions met by the data available. Currently such opinions are given verbally to 
the RAGs during the exposition of the assessment but it should be made explicitly so 
that it is easier to act upon. This would be especially important in the case of possible 
Tier 5 catch-only methods because they use a production model to simulate the fishery 
and this is not fitted to any data except the biological properties of a species (as best 
they are known). 

13.2  Effects of Data Precision and Bias on Tiers 3 and 4 

13.2.1 Flathead Tier 3 

With Flathead there are clear differences in the relative performance of the 18 different 
scenarios within the Tier 3 harvest strategy (Figure 23; Table 6). Changing the sample 
size of the age sample for either initial depletion arrangement only had minor effects 
across the range of sample sizes used, with the greatest effect being a slight downward 
trend in catch variation as sample size increases. Not surprisingly the catches were 
higher in the lightly depleted scenarios but the effects of sample size were mirrored 
across both lightly and heavily depleted groups. 
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Figure 23.  Alternative scenarios tested in the Tier 3 on Flathead; the 150, 250, 500, and 
1000 are the sample sizes of ages and the -1 … 1 values are the bias values applied to 
the ageing samples. The ‘Above’ and ‘Below’ relate to the starting depletion levels. 
For those stocks that were initially only lightly depleted (78%B0), while the median 
probability of not meeting the Limit RP was very low, the spread of values was rela-
tively high with the upper 75th percentile being above the LRP in all cases except the 
sample size of 1000  (Figure 23). 
 
In contrast, the effects of the scale of bias on the age sample applied across the projec-
tion period had marked effects (Figure 23). Not surprisingly the most biased samples, 
both positive and negative had the greatest effects although there was also an interaction 
with the initial depletion level.  
 
The scenarios that were highly depleted initially (18%B0) exhibited an upward trend in 
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the average catch with increasing bias (from -1 to 1.0), but there were decreasing trends 
with the average absolute variation (%AAV) and the final depletion level. The median 
probability of meeting the Limit RP was very low in all cases, although the spread of 
values increased with increasing bias so there was a greater than 25% chance of exceed-
ing the LRP in the +0.5 and +1.0 bias scenarios (Figure 23). 
 
The scenarios that were only lightly depleted initially (78%B0) also exhibited an upward 
trend in average catches and a downward trend in final depletion, although in each case 
the trends were more exaggerated than those in the initially highly depleted stocks. 
However, the %AAV exhibited rather different behaviour with relatively large increases 
in the more positively biased scenarios. The median probability of meeting the LRP was 
low for the negatively biased samples but increased very strongly from zero to positive 
biases until, for the bias of 1.0 scenario almost all replicate runs failed to avoid the 
Limit Reference Point  (Figure 23). 
 
The Tier 3 appears capable of achieving the Target RP of 48%B0 for Flathead for all 
levels of age sample size even when starting from low or high levels of initial depletion, 
but this is the case only if there is only no or only slightly positive sampling bias. 

13.2.2 School Whiting Tier 3 

The average catches of School Whiting change only slightly with increasing age sample 
size, however, their absolute level is very sensitive to the state of initial depletion with 
catches almost doubling for the scenarios starting with a relatively light initial depletion 
(Figure 24). Similarly an increasing trend in average catches is exhibited with increas-
ing bias in the sampling for age for both initial depletion levels, except the catches were 
more than double in those scenarios beginning in a lightly depleted state (78%B0) so the 
changes were more exaggerated between bias levels. Despite the changes in average 
catches between the two initial depletion states, the average absolute variation in 
catches appeared very similar with only minor differences between scenarios. In both 
the increasing age sample size and the increasing bias the %AAV declined slightly but 
all scenarios exhibited approximately the same degree of variation with the inter-
quartile distances being somewhat wider in the initially lightly depleted scenarios 
(Figure 24).       
 
In the scenarios relating to different age sample sizes in terms of the final depletion lev-
els there is little difference between different sample sizes or different initial depletion 
levels  (Figure 24). 
 
The patterns in final depletion between the two initial depletion levels were also effec-
tively the same. A negative bias led to much smaller catches and almost complete re-
covery of the stock up to predicted unfished average levels (although in a naturally 
varying species such as School Whiting the notion of a stable unfished equilibrium 
biomass is admittedly artificial). In the most positively biased age samples the final es-
timates of the median depletion was almost down at the LRP, with the intermediate de-
grees of bias laying in between the extremes (Figure 24). 
 
For all the age sample size scenarios and the negative to zero bias scenarios (across both 
initial depletion states) the probability of the spawning biomass falling below the LRP 
again exhibited the same patterns each with very low median values, of probability, and 
only outlying individual replicate runs failing the LRP. However, for the two positively 
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biased age samples there was more of an impact, especially with the bias of 1.0, in 
which far more replicates failed to avoid the LRP, with the median probability in the 
initially lightly depleted scenario falling on the 10% failure line (Figure 24).   
 

 
Figure 24.  Alternative scenarios tested in Tier 3 on School Whiting; the 150, 250, 500, 
and 1000 are the sample sizes of ages and the -1 … 1 values are the bias values applied 
to the ageing samples. The ‘Above’ and ‘Below’ relate to the starting depletion levels. 
 

13.2.3 Flathead Tier 4 

The effect of differences in the CV of catch rate estimates on the outcome of the Tier 4 
analysis can be very great. A CV of even 0.45 can lead to CPUE trends exhibiting 
enormous variation between years, far more so than is exhibited by real fisheries, so the 
outcomes from the CVs of 0.6 and 0.9 constitute extreme expected behaviour.  
 

0
1

2
3

4
5

A
v 

C
at

ch
 '0

00
s 

t
0

1
2

3
4

5
0

1
2

3
4

5
0

5
10

15
20

25

%
C

at
ch

 V
ar

ia
tio

n
0

5
10

15
20

25
0

5
10

15
20

25
0.

0
0.

2
0.

4
0.

6
0.

8
1.

0
1.

2
1.

4

F
in

al
 D

ep
le

tio
n

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1.
2

1.
4

500 150 250 1000 0 -1 -0.5 0.5 1 500 150 250 1000 0 -1 -0.5 0.5 1

0.
0

0.
1

0.
2

0.
3

0.
4

P
(B

<
LR

P
)

500 150 250 1000 0 -1 -0.5 0.5 1 500 150 250 1000 0 -1 -0.5 0.5 1

0.
0

0.
1

0.
2

0.
3

0.
4

500 150 250 1000 0 -1 -0.5 0.5 1 500 150 250 1000 0 -1 -0.5 0.5 1

0.
0

0.
1

0.
2

0.
3

0.
4

 Precision   Bias    Precision     Bias   

Below Target Above Target

P
er

fo
rm

an
ce

 S
ta

tis
tic

s

Whiting Tier 3



 

Options for a Tier 5 Harvest Strategy |  65 

The median value of the average catch slightly declines with increasing CV while the 
associated spread of values increases markedly. Similarly, above a CV of 0.15 the 
%AAV more than doubles the values obtained with the CVs of 0.05 and 0.15 (Figure 
25). 
 
 

 
Figure 25. Alternative scenarios tested in the Tier 4 on Flathead; the 0.05 … 0.9 relate to 
the CV applied to the generate the observed CPUE from the operating model and the 
0.25 … 2 values are the bias values applied to the CPUE series. The ‘Above’ and ‘Be-
low’ relate to the starting depletion levels. 
 
 
The primary effect of increasing the CV value on the final depletion level and on the 
failure to avoid the LRP was to increase the spread of values, although the median final 
depletion value also increased slightly up to the Target LP for the greatest CV with all 
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the others falling below the target of 48%B0. The median probability of failing to avoid 
the LRP was very low for all scenarios except for the highest CVs and the most posi-
tively biased in the initially heavily depleted (18%B0) stocks, where the median was on 
the limit for the bias of 0.5 and all replicate runs failed to avoid the LRP in the bias = 1 
scenario (Figure 25); in the lightly depleted initial state all scenarios succeeded in 
avoiding the LRP. 
 

13.2.4 School Whiting Tier 4 

School Whiting have similar outcomes to the Flathead within the Tier 4 HS for a num-
ber of particulars, however, there are significant differences. While the increase in the 
CV leads to increases in the variability of the average catches, the final depletion, and 
the probability of failing to avoid the LRP, the effects on the median value for each of 
those statistics was only relatively minor. This was the same in both the lightly and 
heavily depleted initial states, although the median values for the average catch and fi-
nal depletion were both higher in the lightly depleted scenarios and the probability of 
failing to avoid the LRP was very close to zero for the lightly depleted scenarios but had 
median values between 0 and 7% in the scenarios from the initially highly depleted sce-
narios with the upper interquartile bound touching the 10% line for the top two (unreal-
istic) CV values (Figure 26). 
 
The pattern of %AAV was very similar between the two initial depletion states but the 
range was more extreme and differences between levels exaggerated in the initially 
lightly depleted scenarios. 
 
Once again the effect of bias on the median statistics was more extreme than the effect 
of the CV changes with the final depletion levels being inversely related to the average 
catch levels. But in the initially highly depleted scenarios the average catches of the low 
biases (0.25 and 0.5) were greater than from the lightly depleted scenarios but the 
stronger biases were less than their respective scenarios in the lightly depleted scenar-
ios. Despite this the final depletion levels were all lower in the highly depleted initial 
state scenarios than the respective scenarios in the lightly depleted replicates. Thus the 
lightly depleted scenario with the maximum positive bias had a median final depletion 
value very close to the target 48%B0, while that in the initially heavily depleted scenario 
had a median value close to the LRP (Figure 26). 
 

13.2.5 The Effect of Inconsistently Occurring Biases 

In this work only biases that occur consistently through time are examined. This as-
sumes that if biases are inconstant, perhaps through the distribution of sampling chang-
ing markedly between years, any effects are assumed to appear as process error through 
time in any analysis. Thus, the apparent variability of the data, and any related popula-
tion size signal, would be greatly increased so that the data source may even become 
uninformative although not necessarily in conflict with other data sources. This assump-
tion would be reasonable as long as any biases remained constant in their intensity. If in 
some years there was much higher levels of bias than in others that may confuse any 
intrinsic signal in the data, which, if it were directional, might lead to incorrect out-
comes. 
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Figure 26. Alternative scenarios tested in the Tier 4 on School Whiting; the 0.05 … 0.9 
relate to the CV applied to the generate the observed CPUE from the operating model 
and the 0.25 … 2 values are the bias values applied to the CPUE series. The ‘Above’ 
and ‘Below’ relate to the starting depletion levels. 
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13.3  Data-Poor  
The outcomes from the 200 different scenarios are illustrated in Figure 27 – Figure 50, 
with triplets of graphs relating to a particular species. Actual initial stock status (‘H’ 
means highly depleted, so starting below the target, and ‘L’ means lightly depleted, so 
starting above the target of 48%B0), and finally whether a discount of 25% was imposed 
on the catch recommendation or not. There are 24 sets of plots: these include boxplots, 
median trajectories across all scenarios, and randomly selected individual trajectories 
from a selection of two scenarios from each of the 8 combinations of species, initial 
status, and discount. The box plots illustrate the four harvest strategy performance 
measures (see section 12.4.1), each of which relates to the whole projection period of 30 
years except the spawning biomass depletion level, which relates to the final year only. 
Such box plots can provide a snapshot or summary of the dynamics but in order to visu-
alize the effects of the different harvest strategies upon the stock dynamics, trajectories 
of expected depletion, cpue, and annual catch are provided for each scenario to illustrate 
the range of outcomes. Finally, some randomly selected replicate runs (out of the 100 
replicates in each case) are used to illustrate the unsmoothed trajectories that may reflect 
reality more closely than the relatively smooth median trajectories. 

13.3.1 Flathead  

Those scenarios that assumed the stock was up above the target (assumed to be at 
78%B0) in 2009, irrespective of whether the stock was actually above or below the tar-
get in the operating model (Table 5),  invariably over-estimated safe levels of catches. 
This led to potentially severe to catastrophic final depletion levels, high catch variabil-
ity, and significantly high probabilities of failing to avoid the limit reference point 
(Figure 27, Figure 30, Figure 33, Figure 36). Only the DCAC in the scenarios with a 
lightly depleted stock status and a 25% discount on catches managed to keep the median 
depletion level above 20%B0 (Figure 30).  
 
The scenarios that assumed the stock was below the target (assumed to be at 18%B0) in 
2009, irrespective of whether the stock was actually above or below the target in the op-
erating model (Table 5), generally under-estimated safe levels of catches. This in turn 
led to final depletion levels often well above the target and generally zero chance of 
failing to avoid the limit reference point. The DCAC, once again differed from the rest 
in that it permitted, on average, higher catches than the other harvest strategies, so that 
the final depletion was generally lower, although still above the target except in the sce-
narios where the stock was actually heavily depleted and no discount was applied to 
catches. However, even in that circumstance both scenarios 65 and 68 (Figure 33) both 
median final depletions were above the limit reference point, although a few replicates 
failed to avoid the LRP. 
 
The scenarios which assumed that the stock was at the target of 48%B0 in 2009 had dif-
ferent outcomes depending on the real initial status and whether there was a discount or 
not. If the initial stock status was only lightly depleted then in all cases the median 
probability of falling below the LRP was very small, although a few replicates in meth-
ods 3, 4, 7, and 8 did go below when there was no discount on catches (Figure 27). If 
there was no catch discount then all scenarios except 7 and 8, the MCY and DB-SRA 
using the initial catch without updating, had a final depletion level below the target, al-
though in all cases above the limit. Whereas with the catch discount all scenarios had a 
final depletion above the target, with some being well above the target (Figure 30).   
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Figure 27. ‘ass/change SS’ means the current stock status assumed by the method, and for 
DCAC,  ‘change SS’ means the assumed change in stock status over the catch history. ‘# years’ 
is the number of years of catches used in the method: T4 means use Tier 4 reference period, 10+ 
means use last 10 historic years to current. Fix/feed implies fixed TAC setting vs dynamic (or 
feedback). 
 
When the initial stock status was actually highly depleted so the stock started below the 
target then the discount on catches was very influential on the outcomes of those scenar-
ios which assumed the stock was at the target when each harvest strategy was first ap-
plied. In all cases where there was no discount, the catches were set too high with the 
consequence that the final depletion was effectively zero except for the MCY method 
and the DB-SRA with a fixed catch estimate (scenarios 57 and 58; Figure 33).  



70   | Options for a Tier 5 Harvest Strategy 

 
Figure 28. The median trajectories across the 100 replicates for each of the 25 scenarios de-
scribed in Figure 27. The red line in the top figure is the target spawning biomass depletion 
level.  
 
With a catch discount, on the other hand, some approaches were at or above the target 
and all were above the limit except the third highest catch with a fixed initial catch 
strategy (Figure 36), which had a median depletion level on the limit; naturally that 
strategy also had a median probability of falling below the limit which was above the 
10% threshold. 
     
In all sets of scenarios the wide bounds placed on the initial conditions meant there were 
some initial conditions that were implausible, with extremely high annual catches, 
which in almost all cases eventually led to stock collapse (Figure 28, Figure 31, Figure 
34, Figure 37). Despite these being implausible in real-life management (given the his-
tory of catches, nobody would allocate annual catches of 7-10,000 tonnes of Flathead),  
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Figure 29.  Five randomly selected trajectories from each of two scenarios selected to illustrate 
contrasting behaviour among the scenarios. The figure heading identifies the species, the actual 
starting stock status, the discount on catches, the Tier 5 approach (black lines relate to the first, 
red lines to the second Tier 5), the number of years used, and whether the scenario used a fixed 
TAC or a dynamic one (‘b’), finally the scenario number as depicted on the boxplots and in Ta-
ble 9. The dashed lines are the medians of the 100 replicates for each of the selected scenarios. 
 
these scenarios illustrate that the full range of possibilities have been considered. Thus 
the median trajectories of spawning depletion range from zero up to almost 100% (1.0).  
 
By considering the trajectories it is clear that in those stocks which begin as only lightly 
depleted and above the target most harvest strategies avoid increasing well above or be-
low the target with the exceptions being concentrated in those scenarios that assumed 
the stock was either lightly or heavily depleted rather than at the target. It also becomes 
clear that the prevalence of stocks finishing above the target increases with the 25%  
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Figure 30. ‘ass/change SS’ means the current stock status assumed by the method, and for 
DCAC,  ‘change SS’ means the assumed change in stock status over the catch history. ‘# years’ 
is the number of years of catches used in the method: T4 means use Tier 4 reference period, 10+ 
means use last 10 historic years to current. Fix/feed implies fixed TAC setting vs dynamic (or 
feedback). 
 
 
catch discount (Figure 31). In the scenarios starting with a stock initially depleted be-
low the target then most scenarios ended up being highly depleted. It was primarily 
those scenarios that assumed the stock was well below the target, which accepted that 
reduced catches were all that would ever be produced, and ended with depletion levels 
above the limit and some above the target (Figure 34). However, where there was a dis-
count on catches in the initially depleted stock scenarios, then most scenarios finished 
with final depletions above the limit and many above the target (Figure 37). 
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Figure 31. The median trajectories across the 100 replicates for each of the 25 scenarios de-
scribed in Figure 30. The red line in the top figure is the target spawning biomass depletion 
level. 
 
 
The random trajectories from the various scenarios selected for each combination of 
Flathead, initial stock status, and discount, illustrate that the individual replicates tend to 
be very different from the median trajectory (Figure 29, Figure 32, Figure 35, Figure 
38). In some cases relatively large changes in CPUE and catch can occur between adja-
cent years, usually with associated changes in the relative stock depletion. The smooth-
ness of the median trajectories misrepresents what might be expected in a real fishery. 
By considering individual scenarios in detail it is possible to discern the drivers behind 
change. For example, in the initially lightly depleted stock when there is no discount, 
trajectories are illustrated for the DACS method which is updated through time. This 
updating has the effect of dropping the catches to very low levels even though the  
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Figure 32. Five randomly selected trajectories from each of two scenarios selected to illustrate 
contrasting behaviour among the scenarios. The figure heading identifies the species, the actual 
starting stock status, the discount on catches, the Tier 5 approach (black lines relate to the first, 
red lines to the second Tier 5), the number of years used, and whether the scenario used a fixed 
TAC or a dynamic one (‘b’), finally the scenario number as depicted on the boxplots and in Ta-
ble 9. The dashed lines are the medians of the 100 replicates for each of the selected scenarios. 
 
 
spawning biomass depletion and CPUE are both increasing to relatively high levels. 
Such behaviour provides no beneficial trade-offs; very high catch rates at the cost of 
almost no catch are not really beneficial. Similarly, in the highly depleted set of scenar-
ios that included a discount when updating DCAC, in which it was assumed the stock 
started well above the target, led to a very high initial catch level, which led to a rapid 
decline in the CPUE until finally the high catches could not be maintained and the stock 
and catches collapses (Figure 38). In a real world situation within Australia, it should  
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Figure 33. ‘ass/change SS’ means the current stock status assumed by the method, and for 
DCAC,  ‘change SS’ means the assumed change in stock status over the catch history. ‘# years’ 
is the number of years of catches used in the method: T4 means use Tier 4 reference period, 10+ 
means use last 10 historic years to current. Fix/feed implies fixed TAC setting vs dynamic (or 
feedback). 
 
 
be assumed that the initial catch levels were at historical high levels and that catch rates, 
even if only available sometimes would indicate problems.
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Figure 34. The median trajectories across the 100 replicates for each of the 25 scenarios de-
scribed in Figure 33. The red line in the top figure is the target spawning biomass depletion 
level. 
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Figure 35. Five randomly selected trajectories from each of two scenarios selected to illustrate 
contrasting behaviour among the scenarios. The figure heading identifies the species, the actual 
starting stock status, the discount on catches, the Tier 5 approach (black lines relate to the first, 
red lines to the second Tier 5), the number of years used, and whether the scenario used a fixed 
TAC or a dynamic one (‘b’), finally the scenario number as depicted on the boxplots and in Ta-
ble 9. The dashed lines are the medians of the 100 replicates for each of the selected scenarios. 
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Figure 36. ‘ass/change SS’ means the current stock status assumed by the method, and for 
DCAC,  ‘change SS’ means the assumed change in stock status over the catch history. ‘# years’ 
is the number of years of catches used in the method: T4 means use Tier 4 reference period, 10+ 
means use last 10 historic years to current. Fix/feed implies fixed TAC setting vs dynamic (or 
feedback). 
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Figure 37. The median trajectories across the 100 replicates for each of the 25 scenarios de-
scribed in Figure 36. The red line in the top figure is the target spawning biomass depletion 
level. 
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Figure 38. Five randomly selected trajectories from each of two scenarios selected to illustrate 
contrasting behaviour among the scenarios. The figure heading identifies the species, the actual 
starting stock status, the discount on catches, the Tier 5 approach (black lines relate to the first, 
red lines to the second Tier 5), the number of years used, and whether the scenario used a fixed 
TAC or a dynamic one (‘b’), finally the scenario number as depicted on the boxplots and in Ta-
ble 9. The dashed lines are the medians of the 100 replicates for each of the selected scenarios. 
 
 
An alternative way of illustrating how the dynamics occur is to include a phase plot of 
catches against the depletion level in which the time series nature of the data is implicit 
(Figure 51, Figure 52). The four sets of scenarios can be combined into a figure with 
four panels. Catches above 5000 t have been truncated to provide more separation be-
tween the scenarios with more realistic catch levels (realism being defined as within his-
torical bounds). 
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13.3.2 School Whiting 

 
Figure 39. ‘ass/change SS’ means the current stock status assumed by the method, and for 
DCAC,  ‘change SS’ means the assumed change in stock status over the catch history. ‘# years’ 
is the number of years of catches used in the method: T4 means use Tier 4 reference period, 10+ 
means use last 10 historic years to current. Fix/feed implies fixed TAC setting vs dynamic (or 
feedback). 
 
With School Whiting those scenarios where the stock was up above the target (assumed 
to be at 78%B0) in 2009 (Table 5) and with no discount,  all led to relatively low level 
of catch (except for DB-SRA when it assumed the stock was actually up at 78% (Figure 
39). DB-SRA in the assuming above the target section led to excessive catches, high 
catch variability, finishing with a median depletion effectively on the limit reference 
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point, and relatively high probability of failing to stay above the LRP. All other scenar-
ios were exactly different from this (Figure 39 - Figure 41).  
 

 
Figure 40. The median trajectories across the 100 replicates for each of the 25 scenarios de-
scribed in Figure 39. The red line in the top figure is the target spawning biomass depletion 
level. 
 
 
In the median trajectories from the lightly depleted School Whiting with no discount 
only the two DB-SRA that were assuming the stock to be above the target very quickly 
became depleted with the fixed strategy taking longer to deplete than the dynamic 
(Figure 40). 
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Figure 41. Five randomly selected trajectories from each of two scenarios selected to illustrate 
contrasting behaviour among the scenarios. The figure heading identifies the species, the actual 
starting stock status, the discount on catches, the Tier 5 approach (black lines relate to the first, 
red lines to the second Tier 5), the number of years used, and whether the scenario used a fixed 
TAC or a dynamic one (‘b’), finally the scenario number as depicted on the boxplots and in Ta-
ble 9. The dashed lines are the medians of the 100 replicates for each of the selected scenarios. 
The black lines represent the assumed stock status was 78%B0 and the red 48%B0. 
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Figure 42. ‘ass/change SS’ means the current stock status assumed by the method, and for 
DCAC,  ‘change SS’ means the assumed change in stock status over the catch history. ‘# years’ 
is the number of years of catches used in the method: T4 means use Tier 4 reference period, 10+ 
means use last 10 historic years to current. Fix/feed implies fixed TAC setting vs dynamic (or 
feedback). 
 
Comparing School Whiting results between identical scenarios except for including a 
25% discount on catches leads to the catches taken being less which leads to an even 
lighter level of final stock depletion. More significantly, the DB-SRA with a fixed strat-
egy, which assumed the stock status was really 78%B0 also had reduced catches which 
were sufficient to end with a depletion level between the target and limit, and only had 
one replicates that went above the LRP. The outcome for the dynamic DB-SRA in the 
same section was not improved (Figure 42). 
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Figure 43. The median trajectories across the 100 replicates for each of the 25 scenarios 
described in Figure 27. The red line in the top figure is the target spawning biomass 
depletion level. 
 
Once again the median trajectories reflect the boxplots (Figure 42) in that only the two 
DB-SRA scenarios from the assume lightly depleted section deplete to any extent. The 
constant catch scenario performs better than the updating or dynamic catch DB-SRA 
(Figure 43). 
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Figure 44. Five randomly selected trajectories from each of two scenarios selected to illustrate 
contrasting behaviour among the scenarios. The figure heading identifies the species, the actual 
starting stock status, the discount on catches, the Tier 5 approach (black lines relate to the first, 
red lines to the second Tier 5), the number of years used, and whether the scenario used a fixed 
TAC or a dynamic one (‘b’), finally the scenario number as depicted on the boxplots and in Ta-
ble 9. The dashed lines are the medians of the 100 replicates for each of the selected scenarios. 
The red lines represent the assumed stock status was 78%B0 and the black 48%B0. 
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Figure 45. ‘ass/change SS’ means the current stock status assumed by the method, and for 
DCAC,  ‘change SS’ means the assumed change in stock status over the catch history. ‘# years’ 
is the number of years of catches used in the method: T4 means use Tier 4 reference period, 10+ 
means use last 10 historic years to current. Fix/feed implies fixed TAC setting vs dynamic (or 
feedback). 
 
Where the School Whiting stock was actually in a highly depleted state (Table 5) and 
zero discount, again the catches for many of the tested scenarios were under-estimated 
which led to low catch variation and final depletion levels close to or above the target 
depletion level and only low likelihoods of failing to stay above the LRP (Figure 45). 
For those scenarios that assumed the stock was highly depleted then all methods DB-
SRA, DCAC, and DACS badly under-estimated catches and led to relatively high stock 
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levels. In those scenarios which assumed the stock was highly depleted the DB-SRA 
and DACS both over-estimated sustainable catches which led to very high catch vari-
ability, final median depletions sitting on the LRP, and a high probability of failing to 
stay above the LRP (Figure 45); the DCAC, however, performed relatively well, mostly 
staying above the LRP and finishing just below the target RP.  These outcomes are re-
flected in the plot of the median trajectories from the different scenarios (Figure 46). 
 
 
 

 
Figure 46. The median trajectories across the 100 replicates for each of the 25 scenarios de-
scribed in Figure 45. The red line in the top figure is the target spawning biomass depletion 
level. 
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Figure 47. Five randomly selected trajectories from each of two scenarios selected to illustrate 
contrasting behaviour among the scenarios. The figure heading identifies the species, the actual 
starting stock status, the discount on catches, the Tier 5 approach (black lines relate to the first, 
red lines to the second Tier 5), the number of years used, and whether the scenario used a fixed 
TAC or a dynamic one (‘b’), finally the scenario number as depicted on the boxplots and in Ta-
ble 9. The dashed lines are the medians of the 100 replicates for each of the selected scenarios. 
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Figure 48. ‘ass/change SS’ means the current stock status assumed by the method, and for 
DCAC,  ‘change SS’ means the assumed change in stock status over the catch history. ‘# years’ 
is the number of years of catches used in the method: T4 means use Tier 4 reference period, 10+ 
means use last 10 historic years to current. Fix/feed implies fixed TAC setting vs dynamic (or 
feedback). 
 
Where the School Whiting stock was actually in a highly depleted state (Table 5) and a 
discount of 25%, the catches were naturally lower and this led to relatively high catch 
variation in three of the scenarios that were assuming the stock to be at 48%B0;  it also 
led to increased variation in the final depletion levels although all which assumed the 
stock to be below or at the target ended well above the target. (Figure 48). Those sce-
narios where the assumption was the stock was up at 78%B0 behaved differently. The 
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DCAC again performed better than the DB-SRA and DACS although it finished a long 
way above the TRP. The DACS finished with the lower quartile biomass depletion level 
on the LRP so there were a relatively high proportion of runs that failed to stay above 
the LRP. The performance of the DB-SRA was not effectively improved over a zero 
discount. Again these boxplot findings were reflected in the median trajectories (Figure 
46) and the individual trajectories (Figure 49), although like the zero discount scenarios 
the random individual trajectories (Figure 50) illustrate the greater variability of School 
Whiting (than Flathead) by the wide range of variation apparent in the dynamics altered 
scenario. 
 
 

 

Figure 49. The median trajectories across the 100 replicates for each of the 25 scenarios de-
scribed in Figure 27. The red line in the top figure is the target spawning biomass depletion 
level. 
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Figure 50. Five randomly selected trajectories from each of two scenarios selected to illustrate 
contrasting behaviour among the scenarios. The figure heading identifies the species, the actual 
starting stock status, the discount on catches, the Tier 5 approach (black lines relate to the first, 
red lines to the second Tier 5), the number of years used, and whether the scenario used a fixed 
TAC or a dynamic one (‘b’), finally the scenario number as depicted on the boxplots and in Ta-
ble 9. The dashed lines are the medians of the 100 replicates for each of the selected scenarios. 
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13.4  Summarizing Across Species and Scenarios 
 

 
Figure 51. A phase plot of Flathead depletion level against the respective catches for all scenar-
ios within each of the four combinations of initial stock status and discount level. Vertical col-
oured lines represent constant catches. The legend applies to all panels. The thin black line rep-
resent the policies limit and target reference points.  
 
 
For Flathead in the lightly depleted scenarios catches greater than 4000t lead to deple-
tion below the LRP and in the heavily depleted scenarios catches above 3000t have the 
same effect (Figure 51). Clearly, when initial catches are too high this leads to stock 
collapse without further intervention. Mixed up within each panel is whether the stock 
is assumed to be at, below, or above the target depletion level when applying the meth-
ods in the first year. The 30 years of projection are indicated by the length of each col-
oured line. The shorter the line the less catch variation in a strategy. If the lines are ver-
tical this indicates stable catches (Figure 51). The differences between the dynamic or 
fixed versions of a harvest strategy are apparent. The scenarios where the initial stock 
status was lightly depleted indicate more scenarios that start with relatively high catches 
which finally decline once the stock biomass declines beyond a critical level. It is not 
impossible for the median catches to increase beyond the initial catch levels (e.g. Fig-
ure 34) even when stock levels begin to collapse; this occurs especially with DB-SRA 
and DACS, but only when the assumption is made that the stock is only lightly depleted 
up at 78%B0. This suggests a possible weakness in the proposed methods where it re-
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sponds inappropriately to the consequent catches. Nevertheless, stable catches appear 
more successful more often than those data-poor methods that rely on updating through 
time.  All those scenarios where the assumed stock status is lightly depleted predict high 
catches and most often these fail to keep above the LRP and lead to high to very high 
depletion levels. Irrespective of the method or discount used the depletion level of a 
stock should never be assumed to be better than at the target or below. 
 

 
Figure 52. A phase plot of School Whiting depletion level against the respective catches for all 
scenarios within each of the four combinations of initial stock status and discount level. Vertical 
coloured lines represent constant catches. The legend applies to all panels. The thin black line 
represent the policies limit and target reference points. 
 
 
Summarizing across all scenarios (Figure 52) the relationship between the catch taken 
and the related depletion level is very obvious. In School Whiting, the two DB-SRA 
scenarios where the stock is assumed to be at 78%B0 at the start both exhibit extreme 
dynamics and strongly suggest, when combined with the findings in Flathead (Figure 
51) that if DB-SRA or DACS are to be used the assumption about the current stock de-
pletion level should never be optimistic and should only select being at the target of 
48%B0 with less risk attributed to the stock being below the target. Again combined 
with the findings from Flathead this finding can be generalized to conclude that the cur-
rent stock status should never be assumed to be better than at the target. For School 
Whiting assuming the stock is at the TRP appears to be a reasonable option for all sce-
narios except when using DB-SRA with updating of the catch levels; and the outcomes 
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suggest there are no improvements to catch, catch variability, or final depletion level 
from using a discount.  
 
The results from any MSE tend to be voluminous and difficult to interpret. Attempting 
to consider Figure 27 to Figure 52 at once is not simple. It is however, possible to se-
lect out those HS and methods that lead to outcomes which are either intermediate be-
tween the LRP and TRP or above the TRP (Table 11), omitting those combinations that 
fail to maintain the stock above the LRP for the requisite 90% of the time. 
 
 
Table 11. Summary of the outcomes from different methods used under different cir-
cumstances. Depletion is the actual stock depletion, FinalD is the final depletion level 
(median value T – at TargetRP, A – above, I - in-between LRP and TRP, and L – at 
LRP). AssumedD is the stock depletion level assumed for the scenario, and Fix or Dyn 
is whether the catch estimated was fixed at the start or was dynamically updated. 
Species Depletion Discount Method FinalD AssumedD Fix or Dyn 
Flathead H 0 MCY T 48 f 
Flathead H 0 DCAC I 18 f & d 
Flathead H 0.25 DB-SRA T 48 f & d 
Flathead H 0.25 3rd HighC A 48 f 
Flathead H 0.25 DCAC A 48 f 
Flathead H 0.25 DACS A 48 f 
Flathead L 0 3yr MedC A 48 f & d 
Flathead L 0 DB-SRA A 48 f 
Flathead L 0.25 3rd HighC A 48 f 
Flathead L 0.25 10yr MedC A 48 f 
Flathead L 0.25 DCAC A 48 f 
Flathead L 0.25 DACS A 48 f 
School Whiting H 0 3rd HighC A 48 f & d 
School Whiting H 0 MCY A 48 f 
School Whiting H 0 DB-SRA A 48 f 
School Whiting H 0 DB-SRA I 48 d 
School Whiting H 0 DCAC I 78 f & d 
School Whiting H 0.25 All  A 18 & 48 f & d 
School Whiting H 0.25 DCAC A 78 f & d 
School Whiting H 0.25 DACS I 78 f & d 
School Whiting L 0 DACS A 48 f & d 
School Whiting L 0 DB-SRA A 48 d 
School Whiting L 0 All others A 18 & 48 f & d 
School Whiting L 0 All others A 78 f & d 
School Whiting L 0.25 All  A 18 & 48 f & d 
School Whiting L 0.25 DB-SRA I 78 f 
School Whiting L 0.25 All others A 78 f & d 
 
 
As long as the initial stock state is never assumed to be above the target RP, the DB-
SRA and DCAC methods appear to be capable of producing catch estimates that main-
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tain the intent of the Commonwealth HSP, even when only based on 10 years of data. 
At the same time, it often appears best to use a fixed estimate of sustainable catch al-
though updating the estimates as more data becomes available would also appear to 
have benefits for some methods under some circumstances. 
 
As with all stock assessments and fisheries management blindly following the dictates 
of any formal harvest strategy in the face of a weight of evidence that indicates a prob-
lem with whatever advice is being produced would be a risky strategy. Formal harvest 
strategies should always have escape clauses that allows for exceptional circumstances. 
This is especially the case when dealing with data-poor fisheries where any assumptions 
behind the methods used within the harvest strategy may only be weakly adhered to. 
This is not to say that rejecting the management advice from a harvest strategy should 
be simple or easy; such rejections should always be evidence based.  
 

13.5   Application of Catch-Only Methods to Current Fisheries 

13.5.1 Average and Median Catch Methods 

Except when the state of the assessed stock was assumed to be only lightly depleted, the 
range of methods used all had some success in the MSE testing in that they managed to 
avoid the LRP in many cases. They often did this, however, by predicted relatively con-
servative catches. This may have been related to only using 10 or 3 years in their esti-
mation and they may perform better with longer series. It does matter whether the time 
series is relatively stable or highly variable (Ministry of Primary Industries, 2014). If 
variable catches are usual then the longer the time series the better, but the use of the 
central tendency (mean or median) of a catch history as an estimate of sustainable catch 
would depend strongly on whether the fishery were developing or declining when the 
catch history was recorded. If on the way up the estimate may be an under-estimate but 
if on the way down it may over-estimate catches. The methods that use fixed estimates 
avoided the potential for a ratcheting down of catches that can occur in the strategies 
that include regular updating of the central tendency estimate. It is not the case that an 
allocated TAC will always be fully taken, especially with a by-product species that is 
not specifically targeted. If sustainable catch estimates are updated by using the mean or 
median of a time series that has an upper limit (a TAC) which is often not met, then the 
upper limit will automatically decline. Such catch estimates should be reviewed at five 
or ten year intervals in a weight-of-evidence context, especially of more information 
beyond catches has been collected, but otherwise the fixed methods have advantages 
over the dynamic or updated methods. 
 
Methods that use a production model to mimic the stock dynamics have the advantage 
of being less vulnerable to such changes but also have the disadvantage that they require 
either estimates (guesses; expert opinion) of final depletion level or of the changes in 
depletion during the catches. Once again a weight or evidence approach through the 
whole RAG would be needed, and the plausibility of whatever level is selected would 
need to be defended.  
 

13.5.2 DCAC 

The application of the DCAC method is very rapid, even when using 10,000 replicates. 
For each species the distribution of sustainable catches was skewed to the left, which 
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reflected the uncertainty that derives from the various assumptions made about the biol-
ogy and the production model representing the stock dynamics.  Nevertheless the esti-
mates of sustainable catches were 2158t, 938t, and 1428t for Flathead, Jackass Mor-
wong, and School Whiting respectively (Figure 53). 
 
The catch histories for each species were relatively long with catches for Flathead and 
Jackass Morwong stretching back to 1915 and School Whiting back to 1980. In both 
Flathead and Jackass Morwong there has been high levels of contrast in catch levels 
through time but the two species are very different in that Flathead has had variable but 
large catches throughout its history whereas Jackass Morwong had relatively low 
catches up until 1949 then high catches to about 1990 and strongly reducing catches out 
to 2010.  When one sequentially reduces the length of the time series of catches used by 
removing years from the start of each time series the effect on Flathead is relatively mi-
nor except for the spread of the outcome around the median values expanding. For 
Jackass Morwong however, the removal of the early catches soon leads to a maximum 
estimate of sustainable catch which then declines as the later much smaller catches be-
gin to dominate the catches (Figure 54). This reflects the assumption that the change in 
depletion level over the fishing period remained at about 50%, if this were adjusted to 
something more appropriate (though difficult to estimate and the weakest part of this 
approach) hen the sustainable catch estimate would be expected to remain more stable.   
 
Jackass Morwong was omitted from the MSE testing because an earlier stock assess-
ment (Wayte, 2013) demonstrated that the average recruitment had declined two or 
three decades ago. Importantly the predicted sustainable catches from recent years 
(Figure 54) are greatly reduced which reflects this. It might be thought that the advent 
of the HSP, which led to catches being control more stringently so that over-fishing was 
constrained (Smith et al., 2014), might invalidate estimates based on recent catches. 
However, the HSP was only introduced in 2007 so its influence would not be very great. 
Of greater concern is that any method based on average catches is likely to generate es-
timates of sustainable catches that are biased high. As with all data-poor fisheries, in 
addition to application of such harvest strategies the weight of other evidence available 
should be consistent with the recommendations from the assessment method selected. 
The DCAC method certainly works well for some species and works well with longer 
time series of catches. With the three species considered the correction over the average 
catch for depletion was relatively minor being 137 t for Flathead, 110 t for Jackass 
Morwong, and 145 t for School Whiting from 1980 
 
 
Table 12. The quantiles of the sustainable catch estimates from the DCAC with the average 
catch from the history of landings for each species. School Whiting was estimated using the full 
time series of catches from 1947 and then only from 1980 onwards; catches reported between 
1947 – 1980 were only minor. 

Quantile Flathead Jackass Morwong School Whiting 47 School Whiting 80 
0.025 2014.525 834.487 753.671 1268.282 
0.05 2045.143 854.697 764.117 1302.302 
0.5 2153.009 934.574 803.560 1439.002 

0.95 2217.412 984.793 823.694 1514.271 
0.975 2226.353 991.715 826.032 1523.272 

AverageC 2290.357 1044.844 841.531 1584.376 
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Figure 53.  The outcome from 10,000 replicate estimate using the DCAC method on Flathead 
(FLT), Jackass Morwong (MOR), and School Whiting (WHS). The mean estimates for each 
species are reflected on the catch histories as red lines (2158t, 938t, and 1428t). The assumption 
was made that the stock was at the target biomass in all these assessments. 
 
 

 
Figure 54. The effect on the estimate of sustainable catch of starting the time series of catches 
by dropping increments of 10 years from the start of each series for Flathead and Jackass Mor-
wong.  The blue lines are the median of the distributions of sustainable catch estimates while the 
red lines are the 95% confidence intervals.  
 
 
As noted by MacCall (2009), the DCAC only provides an estimate of a “…moderately 
high yield that is likely to be sustainable, while having a low probability that the esti-
mated yield level exceeds MSY…”. Thus, this method could easily be included into the 
HSP as a Tier 5 method as long as the predicted catch level was accepted as a suitable 
proxy for the target fishing level. Being aimed at generally by-product species within 
the mixed species SESSF fishery, in line with other non-target species, a target of 
40%B0, acting as a proxy for MSY, may be appropriate (although such a decision would 
ultimately need to be made as a policy decision). 
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13.5.3 DB-SRA 

The Depletion-Based Stock Reduction Analysis is more 
it can provide estimates of MSY, B
upon the production model used but nevertheless this enables the method to generate 
estimates that can be directly interpreted by the HSP. The application of the DB
method is rather more time consuming althoug
ize a single species takes between 15 
 
With each of the species the final depletion level was assumed
median in the final year would be expected to be centred close to this value. With 
ass Morwong this assumption of being on target with respect to the final depletion est
mate is problematic as this would only be the case if a rev
tionship were to be used. A regime shift occurred (Wayte, 2013) to lower the average 
recruitment and that means that the predicted rise following the early 1980s (
is now no longer expected. The DB
relatively depleted state and started the catch history following the regime shift. Of 
course, for a data-poor species such knowledge is unl
on how to handle such species if they are data
only methods should be applied blindly but rather only when taking into account all else 
known about a fishery. The use of a weight of evi
tions made to be defensible and possibly testable given sufficient resources.
 

Figure 55.  The spawning biomass depletion estimated using the DB
Flathead, Jackass Morwong, and 
lines are the 95% bounds on the spread of the replicates. The lower graphs represent the fr
quency distribution in the final year. 
 
 
Outputs important for management 
each with estimates of uncertainty included
tainty estimates means that any harvest control rule developed 
assessment method can attempt to take into account the uncertainty included in the bi
logical parameters and the catch time series used to estimate the management outputs. 

Options for a Tier 5 Harvest Strategy

Based Stock Reduction Analysis is more flexible than the DCAC in that 
it can provide estimates of MSY, BMSY, FMSY and depletion levels. These are dependent 
upon the production model used but nevertheless this enables the method to generate 
estimates that can be directly interpreted by the HSP. The application of the DB
method is rather more time consuming although running 10,000 replicates to characte
ize a single species takes between 15 – 20 minutes (Figure 55). 

With each of the species the final depletion level was assumed to be at 48%
median in the final year would be expected to be centred close to this value. With 

this assumption of being on target with respect to the final depletion est
mate is problematic as this would only be the case if a revised stock recruitment rel
tionship were to be used. A regime shift occurred (Wayte, 2013) to lower the average 
recruitment and that means that the predicted rise following the early 1980s (
is now no longer expected. The DB-SRA should have assumed the stock finished in a 
relatively depleted state and started the catch history following the regime shift. Of 

poor species such knowledge is unlikely to be available. More work 
on how to handle such species if they are data-poor is required. None of these catch
only methods should be applied blindly but rather only when taking into account all else 
known about a fishery. The use of a weight of evidence approach enables the assum
tions made to be defensible and possibly testable given sufficient resources.

The spawning biomass depletion estimated using the DB-SRA methodology for 
, and School Whiting. The blue lines are the median values and red 

lines are the 95% bounds on the spread of the replicates. The lower graphs represent the fr
quency distribution in the final year.  

management include the MSY, FMSY, and the depletion level, 
each with estimates of uncertainty included (Figure 56). The inclusion of the unce
tainty estimates means that any harvest control rule developed for use with the DB
assessment method can attempt to take into account the uncertainty included in the bi
logical parameters and the catch time series used to estimate the management outputs. 

Options for a Tier 5 Harvest Strategy |  99 

than the DCAC in that 
and depletion levels. These are dependent 

upon the production model used but nevertheless this enables the method to generate 
estimates that can be directly interpreted by the HSP. The application of the DB-SRA 
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As with the DCAC, MSE testing the use of only 10 years for the initial estimates within 
the DB-SRA provides a strong test of the utility of DB-SRA. In reality, for many of the 
SESSF species longer time series are available. By repeatedly running the DB-SRA on 
the Flathead data but sequentially removing 10 years at a time from the long time series 
(Figure 57) the effect of different lengths of time-series could be explored.  
 
The effect of decreasing the length of the time series on the estimate of MSY is only 
minor up until about 1975 but it is in 1985 and onwards where first the spread of possi-
ble values increases so that smaller values make an appearance, but then in 1995 the 
mean drops from between 2800 and 2750t down to about 2550t with a shift downwards 
in the distribution (Figure 58; Table 13). 
 
The analyses in the DB-SRA all assumed that the final depletion level in 2012 was 48% 
and the outcome from the analysis is sensitive to the selected depletion level (Figure 
59). For example, when the depletion level in the final year is assumed to be 35%B0 in-
stead of 50% the MSY output has double the range of values  (2168 – 3067 rather than 
2344 – 4050) of the analysis at 50%B0, with more difference between the upper bounds 
and the lower and a 260 t difference between the MSY estimates. The selection of the 
assumed depletion level is a decision that would need to be defended explicitly and 
agreed upon by the full RAG. 
 
 

 
Figure 56. The outputs from the DB-SRA applied to Flathead over the entire catch history us-
ing 10,000 replicate runs of the Monte Carlo simulation. 
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Figure 57. Predicted time series of stock depletion levels for Flathead using shorter and shorter 
time series of catches from 98 years down to 18 years. The numbers at the head of each graph 
represent the start year and the series continues up to 2012. Each represents 1000 replicates. The 
blue lines are the median depletions surrounded by the red 90% intervals. In reality, one would 
be changing the assumed initial depletion range , which would likely increase the spread of the 
final values.  
 
 

 
Figure 58. Estimates of MSY from the DB-SRA analysis using 1,000 replicates. The titles in 
each case represent the starting year of the catch time series, ending in 2012, and the MSY esti-
mate, highlighted by the blue lines. 
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Table 13. The start year, number of years of catch data, and the quantiles of the esti-
mates of the MSY.  Note the shift to lower values in the last three rows and the differ-
ence relative to the average catches over the same period. In all cases except the last 
row the assumed final depletion was 48%; in the last row is the outcome from an as-
sumption of 35%. 
Start Years 2.50% 5% 50% 95% 97.50% AverageC 
1915 98 2344.537 2382.149 2831.794 3776.656 4050.090 2290.357 
1925 88 2342.034 2381.012 2831.601 3776.654 4048.268 2457.239 
1935 78 2327.350 2373.559 2827.719 3776.633 4038.496 2404.397 
1945 68 2306.799 2364.283 2823.057 3776.583 4031.961 2401.544 
1955 58 2267.541 2350.947 2816.476 3775.969 3990.172 2434.862 
1965 48 2234.215 2310.502 2802.807 3763.108 3983.085 2486.521 
1975 38 2168.726 2255.357 2773.696 3725.866 3943.827 2440.500 
1985 28 2067.754 2180.506 2733.887 3668.618 3917.452 2739.179 
1995 18 1828.630 1934.611 2569.098 3442.084 3709.652 3051.000 

        
1915 98 2168.842 2200.732 2426.595 2907.005 3067.365 2290.357 

 
 

 
Figure 59. An example run of 10000 replicate runs the DB-SRA on Flathead from 1915 – 2012 
with the final depletion set at 35%B0 instead of 50%B0. The median MSY is 2426 t, and median 
depletion is 0.331. The 10th percentile is at 0.2034, so the method meets the Limit Reference 
Point requirement. 
 
 
Both the DCAC and the DB-SRA require an assumption about the level of depletion in 
the final year (or a particular year) but with data-poor species this will invariably be a 
very uncertain value. Despite this the DB-SRA methods holds some advantages over 
using simple average catches as even with only a few year’s data and relatively high 
natural mortality rates the outcome differs from simply using the average of median 
catch (Table 13).  
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13.5.4 Further Alternative Tier 5 Methods  

Alternative methods that are very new and were not included in the MSE include the 
Catch-MSY method by Martell and Froese (2014). This is very similar to the DB-SRA 
but rather than using the novel production model developed by Dick and MacCall 
(2011) Martell and Froese, use a simpler production model and conduct a Monte Carlo 
simulation on that production model’s parameters. This leads to the production of a 
large number of potential stock trajectories and they include procedures for eliminating 
the implausible ones (stock goes extinct, biomass extends beyond the carrying capacity) 
and then calculating statistics of management interest from those remaining. They still 
require preliminary guesses as to the starting and the finishing depletion levels but these 
can be very wide and flat. They use the term ‘prior’ distribution and ‘posterior’ distribu-
tion to describe the effect of the analysis although it is not strictly a Bayesian analysis; 
because they are using a Bernoulli distribution (true or false; 1 or 0) there is not a multi-
plication or each prior with a likelihood but rather the prior is being thinned by rejection 
of implausible combinations of two parameters at a time. It is not necessarily the case 
that the most common combination of parameters that is not inconsistent with the data 
is the most likely. The production model is not being fitted to the data but rather the in-
verse of what does not fit it is being eliminated. Nevertheless, this approach holds 
promise and is already being used in a few places (Haddon, 2014b). The input require-
ments of the Catch-MSY method are fewer than those for the DCAC or the DB-SRA 
and so this approach would warrant further consideration.    
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14 Appendix: Further Discussion and Conclusions 

14.1  Data-Poor Harvest Strategies 
The current HSP recognizes that in a multi-species fishery it would not be possible to 
ensure that all species are being fished at their individual maximum economic yield 
level (the target reference point, TRP, or its proxy of 48%B0). Here it is assumed that 
any species being considered for a Tier 5 assessment would not be a principle economic 
driver of the fishery involved and so it would be acceptable to adopt the minimum ob-
jective of maintaining the species above the limit reference point (LRP). With data-poor 
or data-limited species any of the assessment methods proposed could be justified ini-
tially by putting it in a weight-of-evidence appraisal of the state of the species con-
cerned. This would both enable: 1) the data available to be reviewed, 2) to determine 
which methods and harvest strategies were feasible (Figure 60), and 3) determine what 
information was useful and how important the species actually was in the context of the 
multi-species fishery.  
 

 
Figure 60.  A comparison of the internal structure of a classically structured harvest strategy 
with those based on simple empirical rules. The classical HS can provide estimates of stock 
biomass or depletion or their proxies while the empirical HS treat some statistic from the fished 
stock as a performance measure which they can map directly onto a recommended catch. 
 
The MSE work in this report has been considering different data-poor methods but also 
a default harvest strategy in each case, which was that the estimated sustainable catch 
was that which would be applied. This harvest strategy appears simpler than it would be 
in reality if it were implemented. Any new harvest strategy or method would be imple-
mented in the context of the current management framework and processes. Thus, in the 
SESSF it is the RAGs for each sub-fishery who would review the available evidence 
and the fishery appraisal for the data-poor species being considered; they would then 
accept or reject the draft assessment. Within the SESSF the output from any accepted 
final version assessment is merely the recommended biological catch (the RBC). The 
management advisory committee with AFMA staff provide advice to the AFMA board  
as to whether the RBC needs modification, and it is the Board who provide the final ad-
vice on TACs to the Minister responsible for fisheries (Figure 61). 
 
Generally, any TAC wold be expected to be smaller than or equal to the RBC, but it re-
mains possible for the TAC to be larger than the RBC. 

Monitoring Assessment Decision Rule

Classical HS

Monitoring = Assessment Decision Rule

Monitoring Assessment= Decision Rule

Empirical HS
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Figure 61. The process flow in the generation of a Total Allowable Catch in the SESSF. The 
assessment team work up a stock assessment and present that with its associated evidence to a 
RAG. Once the RAG has approved a draft, base case, assessment, a final assessment is made 
and this forms the basis of an RBC. This is considered by the respective MAC, who take into 
account socio-economic and possibly cultural/indigenous concerns to recommend a final TAC. 
The MSE testing only considered the processes within the dashed line. 

14.2  The Appropriateness of a Selected Tier 
The need for a higher tier than Tier 4 arose when it became clear that there were fisher-
ies being assessed using Tier 3 and Tier 4 which were poorly suited to either approach. 
One obvious approach to determine the appropriateness of each assessment method 
when applied to a particular stock is to ensure that the assumptions behind each assess-
ment method are all met or at least are not deviated from to any large extent. However, 
in the higher tiers (both 3 and 4) there have been instances where the assumptions have 
been known to have been compromised and yet the assessments are not necessarily re-
jected. In some cases a Tier 4 has been used when a Tier 3 only provided highly im-
plausible predictions. But, in many cases where Tier 4 assessments have been known to 
have been invalid, the absence of an alternative that could provide catch level advice 
meant that the assessments were not rejected. The simplest example of this is where all 
the deep water Oreo species are assessed using the Tier 4 approach. The fundamental 
assumption behind the Tier 4 analyses (which use catch and standardized catch rate time 
series of data) is that catch rates reflect relative abundance of the stock and are represen-
tative of the whole stock. Neither of these assumptions are met, especially since the ad-
vent of the 700m closure. Oreo catch rates vary from extremely low to extremely high, 
depending upon whether the aggregations of fish are targeted or not (Figure 62).  
 

 
Figure 62.  The log-transformed CPUE for the mixed Oreo category, to the end of 
2013, which includes Allocyttus verrucosus (Warty Oreo), Neocyttus rhomboidalis (Spiky 
Oreodory), Neocyttus psilorhynchus (Rough Oreodory), Allocyttus niger (Black Oreodory) and 
a further mixed category (Oreo Dory). Note the spikiness of the lower levels of CPUE contain-
ing large numbers of records. The first five spikes relate to 5, 10, 15-20, 30, and 60 kg/hr. 
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Apart from being applied to a mixed species group (although ~97% tends to be Spikey 
Oreodory), the variation between catch rates between years is so great in some instances 
that it is biologically impossible for those catch rates to be reflecting the relative abun-
dance of the stocks. With the 700m closure most of the Oreo habitat is now closed and 
the records that are obtained are in no way representative of the whole. Even a data-poor 
assessment method may not work for such species, where such a high proportion of the 
stock is protected from fishing mortality inside of closures. Some other means of allo-
cating a TAC needs to be developed; none of the methods investigated here, even aver-
age catches, are applicable because the large closure has distorted the representation of 
the stock.  
 
It is the case that such a large proportion is now no longer able to be fished because of 
the 700m closure that it would be valid to allocate a catch level that would not constrain 
catches anywhere and instead of assessing the stocks each year, merely monitoring 
catches to determine if they rise in the future and then decide whether more intervention 
is required. A set of trigger catch levels would provide the management tools necessary 
to defend the management (Dowling et al., 2015a,b). 
 
There are no standard, routine methods, or formal criteria that can be applied to deter-
mine whether a fisheries stock assessment is appropriate which can be applied inde-
pendently of the assessment and management process in which it is embedded. In the 
SESSF it is the Resource Assessment Groups (RAGs) that determine whether or not to 
accept a stock assessment, and this tends to be done on a weight-of-evidence approach 
that attempts to account for consistency through time, the relative quality of fit of the 
model to the data, and whether the model structure correctly represents the stock dy-
namics as far as they are known. Most often a stock assessment might be rejected on the 
basis of qualitative reviews of the match between the model structure used and what is 
known about the fished stock. In a Tier 1 assessment if two data streams are in conflict, 
with one implying things are improving and another implying things are declining, it 
would be more usual for one of the data streams to be rejected rather than the assess-
ment. At very least the sensitivity of the assessment outcomes to including or excluding 
(or down-weighting) each data-stream would be examined. 
 
While there are no formal criteria presently available, beyond the classical statistical fit 
criteria, it would undoubtedly be helpful for keeping processes open and understood, if 
such more formal criteria were developed. This is not suggesting that the current less 
formal review of the applicability of an assessment be discontinued, but rather that at 
least some more formal aspects be recognized and made part of the RAG’s routine so as 
to make communication and understanding simpler. 

14.3  The Effects of Sample Size, CV, and Bias on Assessments 

14.3.1 Tier 3 

The Tier 3 assessment method and harvest strategy appears capable of achieving the 
Target Reference Point of 48%B0 for Flathead (and similar species) for all levels of age 
sample size even when starting from low or high levels of initial depletion, but this is 
the case only if there is no or only slightly positive sampling bias. If the sampling has a 
significant positive bias the outcomes can lead to missing the target in about 75% of oc-
casions when the stock started below the target, but ended either at the target or just be-
low the limit if the stock started well above the target. This was simply a reflection that 
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the catches in the latter case were badly over-estimated. 
 
With School Whiting (and similar species) the Tier 3 was only able to achieve the target 
or remain above it if there was negative bias. Positive bias led to depleted states and 
with the maximum positive bias the medians were effectively on the limit reference 
point. In all cases of different sample sizes and separately, with no bias the median de-
pletion ended at or just below about 40% instead of the target of 48%. Once again, posi-
tive bias in the aging samples generated misleading outputs and undesirable manage-
ment outcomes. 

14.3.2 Tier 4 

The effects on the Tier 4 applied to Flathead-like species, of the coefficient of variation 
(CV) of the CPUE and of bias tended to be highly exaggerated for the very high CVs of 
0.6 and 0.9. These two levels led to time series of CPUE which were unlike any seen in 
the real fishery and so these levels should be ignored for Flathead.  
 
With the remaining levels of CV, not surprisingly, as the CV increases so does the 
spread around the median levels of catch, the final depletion, and the probability of 
avoiding the LRP. The catch variation appeared to increase exponentially for CVs of 
0.05, 0.15, and 0.45. The effect of positive levels of bias is to over-estimate the sustain-
able catches, which in turn leads to greater levels of depletion. If the stock starts already 
below the target then positive bias can force it down to or just below the LRP. This is of 
concern as ‘effort creep’ would lead to positive bias and has undoubtedly occurred with 
the advent of GPS and colour depth sounders, etc, for which there is no information that 
can be included in any of the CPUE standardizations.   
 
With the School Whiting like species, the effects of increasing CV on the Tier 4 out-
comes was to increase variation in catches, but this species is already highly variable 
from year to year so the higher values of CV have less of an impact on the outcomes. 
When the species starts already in a depleted state then the final median depletion level 
is always below the TRP; this is, however, related to the chance level of depletion re-
lated to the targets selected in the Tier 4 HCR. The Tier 4 HCR selects a reference pe-
riod of years to identify the target catch and CPUE which drive the HCR. It is a mistake 
to believe these Tier 4 targets are at 48%B0 rather than simply being a state of the fish-
ery identified to be a good place to be in terms of sustainability and profitability; these 
targets are merely proxies and may in fact be above or below the equilibrium level rep-
resented by 48%B0 (Haddon, 2014). Thus the outputs demonstrate that the method can 
generate consistent outcomes across a wide range of precision for both initially heavily 
and lightly depleted states (although with outcomes below the formal TRP and above 
the TRP respectively).  
 
The effect of positive bias is very similar to that seen in the Flathead-like species. 
Strongly positive bias can lead to serious depletion and failure to avoid the LRP in the 
initially heavily depleted scenarios, although in the lightly depleted scenarios they all 
remain above the formal TRP. 
 
The impact of positive bias is especially important as positive bias in CPUE could be 
brought about by improvements in technology and fishing practices. As it appears 
highly likely that such ‘effort creep’ will have occurred it would be valuable to further 
explore the possible impact of such positive biases in a more specific manner relating to 
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the advent of events leading to increasing bias as a series of events across just a few 
years (e.g. the advent of GPS from 1990 – 1992). Having no way of taking such 
changes and resulting bias into account may be leading to overly optimistic views of 
each of the fisheries. 
 
In Tier 1 assessments the effects of such bias would be detectable through the time se-
ries of CPUE or the ageing or length frequency data being inconsistent with each other. 
It is primarily the Tier 3 and Tier 4 methods that require further exploratory analyses.  

14.4  Data-Poor Methods for Estimating Sustainable Catch 
The objective of data-poor and data-limited methods is to estimate a practical level of 
yield that is likely to be sustainable (MacCall, 2009). By ‘practical’, MacCall means 
commercial yields rather than overly conservative yields. 
 
The MSE testing highlights that a stock should never be assumed to be in only a lightly 
depleted state. A reasonable option if the assessment process (i.e. including the RAG’s 
involvement) determines that a particular stock has only been lightly fished, is to as-
sume 40%B0 so as to avoid the risk of over-fishing. This is, however, a policy decision 
and all that can be done here is to point out that, obviously assuming an initial depletion 
of 40% (which would lead to lower predicted catches) would be more conservative and 
there would be a lower risk of over-fishing than selecting 48%B0 as the assumed initial 
depletion. However, there would also be a higher risk of failing to take as much catch as 
would be sustainable. Given the MSE results, 40% should certainly avoid the stock de-
clining below the LRP (even if the stock were really depleted to the LRP and it was the 
DCAC method; see Figure 33 where DCAC only just meets the < 10% probability of 
being below the LRP).  

14.4.1 Central Tendency of Catch Methods 

Possible candidates for use in a new Tier 5 set of assessments would include the meth-
ods that involve a measure of the central tendency of catches such as the average or me-
dian catch (possibly the 3rd highest catch). Ideally, these average catches would be esti-
mated from periods of stability within each fishery, but in reality, in Australia, such pe-
riods are not common. Such central tendency methods involve empirical harvest strate-
gies where the estimated central tendency catch constitutes the sustainable catch esti-
mate (the ‘assessment’ is the decision rule; Figure 60). The recommended sustainable 
catches would need to be presented in the context of a weight of evidence appraisal of 
whatever stock was being considered. Dowling et al (2015a,b) discuss the use of such 
catches in the context of a set of catch triggers where a set of catch levels are set that, if 
met by the fishery, trigger management actions that can vary from a simple review of 
events to the application of some simple assessment or update of the average catch ap-
plied. In the Commonwealth HSP within the SESSF this would entail setting a multi-
year TAC that would be reviewed for a breakout each year and reviewed as to its level 
every few years. 
 
Using a central tendency of catch estimate to set upper limits to catch before further 
management action, requires the assumption that the stock is currently in an acceptable 
state or that the catches already observed have not led to serious or undesirable levels of 
depletion. If the weight-of-evidence appraisal supports this assumption then a recom-
mended biological catch can be made. Reasons for not using this approach include that 
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the time series of catch data is not representative of the fishery or potential fishery 
(Figure 63), or that the catch data is too sporadic to obtain a representation of the fish-
able stock. Specific trigger catch levels could then be set (Dowling e al., 2015b). 
Whether a discount would be required would depend on the final decision rule adopted. 
In the MSE testing the particular central tendency of catch was used (mean or median) 
but some other quantile could be used. The 3rd highest catch usually proved to be as ca-
pable as the other central tendency methods at avoiding the LRP, so an average or me-
dian should be sufficiently conservative as long as the state of depletion is considered to 
be acceptably far from the LRP at the start. 
 
 

 
Figure 63.  The catch history for Ocean Jacket (Nelusetta ayraudi) in the GAB and zones 10 – 
50. The change in catches has been reported to reflect a major change in availability in the early 
2000s, but the drop in catches in the late 2000s in the GAB is reported to be more about a lack 
of a market than not being available. 
 

14.4.2 Model Supported Catch-Based Methods 

The model supported catch-based methods include the Depletion-Corrected Average 
Catch (DCAC), the Depletion Adjusted Catch Scalar (DACS), and the Depletion-Based 
Stock Reduction Analysis (DB-SRA). Among these methods the DACS and DCAC are 
somewhat simpler to implement than DB-SRA. Each of these also has assumptions and 
input requirements beyond having estimates of natural mortality. Fortunately, these in-
put requirements are not especially strict or onerous and even when relatively strong 
assumptions are made (such as restricting the initial and final depletion levels to values 
that would be conservative) these methods can still generate solutions. The advantage of 
these model supported methods is that whatever estimate of sustainable catch is derived 
it comes with an estimate of the uncertainty about the estimate (see Figure 53 and Fig-
ure 55), so there is freedom in the harvest strategy to add further precaution if it is 
deemed necessary. This might depend on whether the RAG considered the catch time 
series used to be reliable. For example, earlier in the recent history of catches of blue 
and Silver Warehou (Seriolella brama and S. punctate) the two species were not distin-
guished. For example, “… in 1992 both species were lumped under a global TAC of 
4000t, 2000t of which was allocated to the trawl sector. Separate TACs were established 
in 1993 to avoid issue of high-grading spotteds [Silver Warehou] in favour of blues.” 
(Smith et al., 1994). Such potential flaws in the available catch data could be solved by 
eliminating the early data, although in the context of Blue Warehou, the early catches 
are verbally reported to have been large. 
 
Assuming that no stock would be assumed to be initially well above the target (TRP), 
then no major consistent differences were observed between these three approaches. 
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The DB-SRA provides more information than the other two methods and so if it can be 
implemented this would be the method of choice. But at least the DCAC should also be 
run to ensure that the estimates are not significantly different. A comparison of at least 
two of methods should assist in discovering any unusual aspects of the available data as 
some reason would need to be found for any differences.  The DB-SRA allocated a pre-
dicted depletion level although it doesn’t necessarily hit the allocated value each repli-
cate (see Figure 57). The trials run provide a spread of trajectories and the proportion 
that dip below the 20% depletion line in the final year would provide an indication of 
the relative risk of the predicted median MSY value of failing to meet the criteria of 
avoiding the LRP 90% of the time. 

14.4.3 Alternative Data-Poor Assessment Methods 

These model supported (or assisted) methods, as implemented by their respective au-
thors, all assume that the full catch history is reliably known, which is not the case for 
many of the species in the SESSF. Alternative implementations that start within some 
selected range of initial depletion can solve this issue. Making such an implementation 
with DB-SRA would appear to be an evolutionary step that led to the development of 
the Catch-MSY method. While the DB-SRA provides useable and reasonable MSY 
values even when used with the most recent 28 years of data (see Table 13) it would 
clearly be sensible to explore the capacity, strengths, and weaknesses of this relatively 
new approach. MSE explorations of the method are on-going in the USA (pers comm 
Steve Martell) so such investigations are not necessarily required here. 
 
The field of data-poor stock assessments and harvest strategies is receiving a great deal 
of attention world-wide (Dowling et al., 1915a,b). As new methods and alternative ap-
proaches are developed and reported these should be reviewed and considered for inclu-
sion in the options available to the new Tier 5 category in the SESSF. The new Tier and 
its associated methods will have immediate value in providing substitute methods for 
species which are currently either not assessed or not assessed validly using the current 
tiers. However, much of the implementation and use of the new methods will also be 
dependent upon the content and requirements of the revised Commonwealth Harvest 
Strategy Policy that is due to be introduced this year (2015). Until it is known exactly 
which new species are going to require some form of assessment the exact range of 
data-poor methods that will be used cannot be known but this current work has identi-
fied an array of candidate methods that can be used with almost any species. 

14.5  Communication of New Methods 
The third objective for this project was to: 

Produce presentations and explanatory documents for distribution across RAGs and 
MACs, describing the criteria and new Tier 5 harvest strategies. 

This will be done ready for this year’s round of RAG meetings. The first is the SESSF 
RAG data meeting in the first week of August 2015, then there are two further sets of 
meetings one likely to be in September and the other in October or November. Presenta-
tions will be made to the various separate RAGs that meeting during these multi-day 
meetings (SHELF, SLOPE, SHARK) and also at the GAB RAG, which tends only to 
meet once in October or November. Worked examples will be included, with details of 
the methodology, and how each method would be used in practice. In addition, elec-
tronic copies of the Final Report will be distributed once completed and published. 
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