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Background  

AFMA manages the Bass Straight Central Zone Scallop Fishery (BSCZSF) with a range of tools including a 

harvest strategy (AFMA 2015). AFMA is seeking revisions to this strategy, specifically around the harvest 

control rules that determine quota setting and other direct controls on fishing. 

Under the revised Harvest Strategy, AFMA intends to have clear and objective decision rules for 

recommending TACs that are robust, scalable and reflect the state of the fishery. While the estimated 

biomass is based on a clearly defined and well understood survey, there is a need for greater guidance on 

how this translates to a TAC. 

The objective of this project is to develop a framework with decision rules to set annual TACs based on 

sustainable harvest/exploitation levels relative to available biomass, and a proxy for a limit reference point 

or threshold. 

The scallops subject of this report are known to have high levels of natural variability in all the factors that 

would contribute to standard approaches for fisheries assessment. This has given rise to the current tiered 

control system in the Harvest Strategy (AFMA 2015). The modeling by Brunel et al (2010) suggests that 

environmental drivers are likely from time to time, to be so variable as to create an unpreventable stock 

collapse. This seems likely to have been the case with Bass Straight scallops in the past however the harvest 

control rules in place now are acknowledged to protect from stock declines from fishing. 

The modifications to the harvest control rules discussed here aim to provide a more direct link to the 

biology and stock status as well as providing a set of rules that scale from low to high stock abundances. 

This report proposes the use of the best likely estimates of scallop instantaneous natural mortality (M) as a 

means of setting a harvest fraction of the surveyed stock. This approach can work at different stock levels, 

helping to link quota setting to stock availability in a sustainable way. 

Natural Mortality and Fishing Mortality 

Natural mortality is a commonly used variable as part of frameworks for stock assessment, often framed 

around the concept of maximum sustainable yield (MSY). MSY assessment frameworks usually also include 

understanding of productivity (growth) and recruitment (Hillborn and Walters 1992) and much has been 

written about the use of MSY in stock management (e.g. Mace 2001). The information sources needed to 

provide confidence in an MSY-like assessment approach are likely to be undone by the non-fishing drivers 

of the Bass Straight stock. This has led to the current approach of quota setting in the harvest strategy.  

Frose et al (2016) have recently discussed basic rules of thumb relating estimates of M to thinking about 

sustainable fishing pressure (as instantaneous fishing mortality, F). Their conclusion, drawn from a wide 

range of studies and species, is that F should never exceed M and for certain life-history types, F should be 

considerably less than M. It is this approach considered here, for use in the BSCZSF harvest strategy. 

While M for Bass Strait scallops will vary, in terms of setting a sustainable harvest fraction, the M chosen to 

represent the stock should be selected from the lower end of the plausible range of values. This is 

protective of the stock in the face of likely, high variation. As a guess, a value of M near 0.5 would seem 

likely lower estimate (see Figure 1). Using a low estimate of M to set a harvest fraction is conservative and 
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allows excess mortality (and consequent loss of potential harvest) if the true rate of mortality is much 

higher. Gwyther and McShane (1998) found M = 0.52 in Port Phillip in a tagging study. 

Examination of Figure 1 can assist with the nomination of an M to set a harvest fraction. The surveys and 

other sources of evidence of recruitment and growth of recruited cohorts suggest a couple of years to 

>85mm and likely maximum ages of about 5 (surveys, Semmons et al. 2018 ). Figure 1 shows an M = 0.4 age 

structure with more than 10% of stock still present at five years. Observations suggest that M estimate is 

probably too low.  

Note that the instantaneous mortality estimator needs to be converted using the formula:  

N(t+1) = N(t)e-Z , 

where N denotes the number of animals and subscript denoting the time. Z is total (Natural (M) plus Fishing 

(F)) mortality. Converting to a harvest fraction using this formula, an M of 0.5 would be an annual loss of 

39.3%, not 50%. Due to the exponential nature of the function, an M of 0.25 represents an annual loss of 

22.1% (Table 1). 

 

 

Figure 1. Theoretical result of different levels of mortality on population structure over time. 

Froese et al (2016) outline logic for determining an approximate harvest fraction for a given M. Slow 

growing, long lived species with a small M should also be protected further with harvest fractions not 

exceeding 50% of M. Scallops fall into a shorter-lived, more dynamic life history suggesting F (fishing 

mortality) could be something on the order of 60-70% of M and remain protective. As an example, if M is 

estimated to be 0.6 and the harvest fraction rule set at 66% of M, then the quota would be set to 32% of 

the surveyed biomass (Table 1). Frose et al (2016) argue that for many life history types, setting F close to 

0.5 M is protective, and useful in cases of high natural variation in stock parameters. 

The Gwyther and McShane (1998) estimate seems the most defensible estimate from the species and given 

the observations of occasional mass mortality (Haddon et al. 2006), it would seem to be conservative, 
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particularly in light of the many notes of mass mortality. Using M=0.52 to set F=50% M=0.26 provides a 

conservative annual harvest fraction of 22.8%. The result of this approach is shown in Table 2. 

Table 1. Comparison of various levels of instantaneous mortality (M) with the effective annual 

percentage loss under that level of M. 

M 
(instantaneous) 

Annual 
decrease (%) 

0.2 18.1 

0.3 25.9 

0.4 32.0 

0.5 39.3 

0.6 45.1 

0.7 50.3 

 

The value of this approach to quota setting is that it allows a conservative (safe) estimate of M to be used 

to set a catch fraction of a known biomass. The “known biomass” is the vital piece here, coming from the 

annual survey (and will always be a minimum biomass estimate). The annual survey biomass estimate does 

not include state stocks, scallops in MPAs and areas not in the survey. This means decisions made using the 

survey biomass estimate are conservative. The survey being the central piece of information used for quota 

setting is not a large change from the current harvest strategy but it continues to highlight the risks around 

the survey assumptions such as the efficiency of the dredges as a stock multiplier. 

It is important to acknowledge that there are a range of protections to scallop stocks coming from beyond 

the HCRs. For example, there are scallops likely in marine protected areas in various areas adjacent to 

fished stocks. Likewise there are areas that will be out of survey in any given year but likely to hold stocks 

(given somewhere between 20 and 20% of landings come from areas outside of the surveys. These stocks 

of scallops are implicit in the management program but the Harvest Strategy does not mention them. 
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Table 2. TAC allocations from varying survey totals with a reserve system similar to the current system. 

Shown are three nominal harvest fractions in relation to a nominal M=0.52 (Gwyther and McShane 1998). 

Fishing where F is approximately 50% of M are all defensible sound practice. The harvest fraction applies to 

the entire surveyed stock, not just stock outside the reserved areas. The reserve does not increase beyond 

3000 tonnes but does assume the standard practice of appropriate distribution of reserves. 

For: M=0.52 F= X% of M 45% 50% 55% 

Harvest Fraction 0.209 0.229 0.249 

Total from Survey (t) Reserve (t) TAC (t) TAC (t) TAC (t) 

2500 1500 523 573 623 

4000 1500 836 916 996 

5000 3000 1045 1145 1245 

6000 3000 1254 1374 1494 

7500 3000 1568 1718 1868 

10000 3000 2090 2290 2490 

15000 3000 3135 3435 3735 

20000 3000 4180 4580 4980 

25000 3000 5225 5725 6225 

30000 3000 6270 6870 7470 

40000 3000 8360 9160 9960 

Gwyther and McShane (1988) had a range of tagging experiments to try and estimate M for scallops in Port 

Phillip. Some of the experiments were deemed by the authors to have failed but had they been used for M 

estimates, those estimates would have all been higher than the M = 0.52 result. This does not provide 

strong estimates of variation in M but does suggest 0.52 could be a low estimate. For the purposes of 

setting a harvest fraction, this is reassuringly conservative. 
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Providing stability with limits on quota increases 

Industry, including processing facilities, will value year to year stability in quota setting and it makes sense 

to limit increases in TAC from one year to the next. Systems to do this should not limit the lowering of 

quota when stocks are reduced. However, large quota increases from one year to the next can cause a 

range of difficulties and interannual stability is valuable for industry. Limiting quota increases can also 

moderate the impact of changes to the survey from one year to the next. For example, good conditions or 

other factors could enhance the scope of the survey in a given year. This could lead to a higher-than-

otherwise TAC but moderated by the large change rule. The following year returns to normal. 

Applying a limit to the increase in quota in response to a positive survey should relate to the previous years’ 

quota. 1000 tonnes as the maximum possible quota increase would seem to balance the tension between 

maximising quota value and minimising industry with a flood of product. As an example, imagine in year 1 

the stock is estimated to be 20000 tonnes and the harvest fraction used is F = 50% M or 22.9% of 20000 = 

4580 t. A survey the following year finding 30000 tonnes could support a quota of 6870 tonnes but the 

proposed limit would see a quota of 5580 tonnes set. 

When quota has been set in the previous year to a level below 4000 tonnes, and the survey in the following 

year suggests safe harvest levels at or above 5000 tonnes, the 1000 tonne increase limit need not apply. 

This would allow a ‘recovery’ quota of 5000 tonnes to be set whenever the survey warrants it. 

Setting Reserves 

The current harvest strategy (AFMA 2015) has a policy of reserving areas from fishing. This process has 

been in place for some time and can be continued while moving to control rules (quota setting) based on a 

nominated harvest fraction. A couple of questions require explicit answers: 

Will the Harvest Strategy continue to set aside no-fishing areas? 

If yes, are all surveyed stocks included in 85mm+ stock abundance estimate or are reserved areas 

excluded (does not matter but must be clear). 

The reservation from harvest of some beds each year in the current tiered system has acceptance and 

protects reproducing scallops from the disturbance from fishing. The second tier required reservation of 

multiple beds. Given the acceptance of the practice and the protection from the (unknown) impact of 

dredging on spawning, reserves seem a sensible precaution.  

If the reservations continue in the HCRs, the next decision is whether reserved stocks are included in the 

tally that generates the TAC through the harvest fraction. For example, if the survey showed 10,000 tonnes, 

3000 tonnes of which were closed to fishing, the harvest fraction could apply to either 10,000 or to 7,000 

tonnes. Either approach is fine but probably the harvest fraction used should be different. In this example, 

it is only the7000 tonnes that is subject to harvest and a harvest fraction of 20% applied to the full surveyed 

stock would create a 2000 tonne TAC but 20% applied only to the 7000 tonnes would result in at 1400 

tonnes TAC. The main point is that clarity about what rules are trying to achieve will make the policy more 

acceptable and avoid the “protections within protections” approach to management. 

What follows assumes there will continue to be reserves and that the biomass to which a harvest fraction is 

applied is all surveyed 85 mm+ stock. 
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Lower limit for stock abundance 

The only stock reference point for the near term will come from the survey. Assumptions about the link 

between stock level and expected recruitment are needed to establish a lower stock limit reference point 

(Blim). Scallop biology and observations of the Bass Straight fishery suggest these assumptions may not be 

robust. This difficulty has been managed in the current HS by setting a minimum abundance level from the 

survey below which no TAC will be allocated. The two-tiered approach uses 1500 and 3000 tonne 

reservations as minima for surveyed stock levels to allow quota allocations their respective tiers. 

This approach is sound as any other with the given information base and has several advantages. The 

setting of areas reserved from fishing for a given year is well understood by industry, is logically protective 

and seems to be associated with ongoing recruitment. The closures made for this purpose also reduce risk 

of damage and disturbance to stocks from fishing, which is a clear concern. 

Setting of a catch quota based on a fraction of the surveyed stock theoretically should not require such a 

reserve. However, given the levels of uncertainty in all the stock parameters, maintaining a reserve system 

that is similar to, or the same as the present system, is sound practice. 

Quota setting in the year after most recent survey 

A difficult problem with setting the multi-year quota based on a single survey is how to think about the 

closures in the fishing year. The move-on rules regarding more than 20% juveniles can deal with recruits 

that have arrived since the previous survey. However, beds that were ruled out because the previous 

survey showed high numbers of juveniles may later be suitable for fishing. Beds that have been fished in 

the most recent year and contain good stocks after natural and fishing mortality are best understood and 

would seem the most likely candidates for closure in the second (non-survey) year. 

The preconditions for skipping a survey year would seem to include a large biomass estimate from the most 

recent survey which is also a large increase over the previous survey. In addition to a large recruited 

(>85mm) biomass, there needs to be strong evidence from the survey of small animals that should recruit 

to harvest size over the next year. The final precondition to skipping a survey should be that the abundant 

biomass is widely distributed. The large increase in abundance, means the TAC will be set well below the 

recommended harvest fraction because of the large change rule. Further, the initial survey should provide a 

predictive understanding of the distribution of juveniles and smaller animals among beds in order to 

structure recommendations for closures in both fishing years. With changes of reserve beds in year two, is 

should be safe to have the same TAC two years in a row (see Figure 2). Further, the initial survey should 

provide a predictive understanding of the distribution of juveniles and smaller animals among beds in order 

to structure recommendations for closures in both fishing years.  

The data from the surveys do however make a case against using a single survey over two years for a 

couple of reasons. Firstly, the annual survey combines information from the prior year of fishing and 

expands its footprint to reflect fishing outside of the previous surveyed area. This fishing regularly accounts 

for 20-40% of the total catch and the survey then follows up that fishing with detail for the whole of 

industry to use. The surveys also generally demonstrate the possible large changes in abundance and 

condition of stock at short time scales. Even if large stock abundances are, on the whole, maintained for a 

second year after an initial survey, there are likely to be changes in some areas that would be unknown 



Bass Strait Central Zone Scallop Fishery Harvest Control Rule Framework  

Securing Australia’s fishing future AFMA.GOV.AU 9 of 10 

without the survey. These changes impose an extra cost on fishers using those areas in the absence of the 

knowledge the survey provides. 

The relative cost and benefit of skipping a year in the survey is most appropriately discussed immediately 

following the end of fishing for the season but making the decision part of the year 1 quota setting would 

have a stabilising effect. Finally, the survey personnel have vital knowledge to any debate about skipping a 

survey year. This raises a potentially awkward conflict that would need to be dealt with. 

 

Figure 2. Schematic of quota setting processes for setting either single- or two-year quotas. 

Recommendations 
1. Continue with the approach to setting reserved areas that is used in the current two-tiered system in 

the HS.  

2. Use the >85 mm biomass estimate from the annual survey to estimate the harvestable stock (with a 

1500 or 3000 tonne reserve, as appropriate). 

3. Apply a harvest fraction of approximately 23% to the biomass estimate to set the annual quota for 

harvest outside the reserved area. 

4. Consider improving documentation of the reasons areas are chosen for reservation and the analysis the 

combines information from fishing with current and immediate past surveys. 
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