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Context

Harvest control rules (HCR) are an essential component of the harvest strategy that provides a structured framework for decision-making leading to catch limits that ensure sustainable exploitation of stocks. HCR are context dependent; several factors can influence these rules such as the level of protection of the area where the fishery operates, the biological characteristics of the species exploited but also the status of the stock in relation to the preexploitation biomass or the quality of the data collected on the stock.

Although not formulated as HCR, historical scientific recommendations for St Paul and Amsterdam rock lobster stocks were based on the stabilization of yields around values that allowed sustainable exploitation in the past.

In 2020, the MNHN formalized the decision rules used in past years to define maximum recommended biological catch (Cmax or RBC) limit separately for the Amsterdam and St. Paul stocks. This HCR is primarily based on catch per unit of effort (CPUE) indices, as commonly used in data-limited fisheries, but also in the Jasus fisheries in Tristan da Cunha, New Zealand and Australia for which quantitative stock assessments are conducted (Johnston & Butterwoth 2016[START_REF] Breen | New Zealand decision rules and management procedures for rock lobsters (Jasus edwardsii)[END_REF][START_REF] Punt | Evaluating empirical decision rules for southern rock lobster fisheries: a South Australian example[END_REF].

Harvest control rule

The proposed HCR is based on the Australian Tier 4 HCR which is the default procedure applied to stocks which only have catches and CPUE data available (Little et al. 2011a[START_REF] Sporcic | Tier 4 Assessments for selected SESSF Species (data to 2017)[END_REF]). This HCR is based on several assumptions which are in line with data available for St Paul and Amsterdam rock lobster stocks (cf. Selles 2020):

• Informative CPUE, there is a linear relationship between catch rates and exploitable biomass;

• Consistent CPUE through time, the character of the estimated catch rates has not changed in significant ways through the period from the start of the reference period to the end of the most recent year;

• Plausible target reference period, the reference period refers to a period when the stock was in an acceptable, productive and sustainable state;

• Accurate total catch history, accurate estimates are required for all catches from the stock under consideration for the target period.

The HCR is detailed in the box below.

The maximum recommended catch limit in year t, Cmax,t is calculated as:

𝐶 𝑚𝑎𝑥,𝑡 = 𝑆 𝑡 × 𝐶 𝑡𝑎𝑟𝑔𝑒𝑡 (i)
Where,

Ctarget, is the target catch level, calculated as the average catch for the reference period;

St, is a scaling parameter, calculated for year t, such that:

𝑆 𝑡 = max ( 0, 𝐶𝑃𝑈𝐸 -𝐶𝑃𝑈𝐸 𝑙𝑖𝑚 𝐶𝑃𝑈𝐸 𝑐𝑖𝑏𝑙𝑒 -𝐶𝑃𝑈𝐸 𝑙𝑖𝑚 ) (ii)
With, 𝐶𝑃𝑈𝐸 the average CPUE over the recent period (last 4 years);

𝐶𝑃𝑈𝐸 𝑡𝑎𝑟𝑔𝑒𝑡 is the target CPUE based on a reference period, 𝐶𝑃𝑈𝐸 𝑙𝑖𝑚 is the limit CPUE, equal to 0,4 x 𝐶𝑃𝑈𝐸 𝑐𝑖𝑏𝑙𝑒 .

In the following situations Cmax does not follow the rule (i) :

𝐶 𝑚𝑎𝑥,𝑡 = { 1.05 × 𝐶 𝑚𝑎𝑥,𝑡-1 , 𝑠𝑖 𝑆 𝑡 × 𝐶 𝑐𝑖𝑏𝑙𝑒 ≥ 1.05 × 𝐶 𝑚𝑎𝑥,𝑡-1 (iii) 0.9 × 𝐶 𝑚𝑎𝑥,𝑡-1 , 𝑠𝑖 0.9 × 𝐶 𝑡-1 > 𝑆 𝑡 × 𝐶 𝑐𝑖𝑏𝑙𝑒 ≥ 0.5 × 𝐶 𝑚𝑎𝑥,𝑡-1 (iv)
With 𝐶 𝑚𝑎𝑥,𝑡-1 is the catch limit level recommended in the previous year (t-1);

In addition, the recommended catch limit 𝐶 𝑚𝑎𝑥,𝑡 is bounded by the maximum catch level observed since the beginning of the time series (1980) :

𝐶 𝑚𝑎𝑥,𝑡 = 𝑚𝑎𝑥 The HCR requires a reference period to be selected in order to establish target and limit levels of CPUE and associated target levels of catch that are proxies for the desired state for the fishery. The standardized CPUE series do not go back to the beginning of the fishery. The 𝐶𝑃𝑈𝐸 𝑡𝑎𝑟𝑔𝑒𝑡 is therefore defined as the average CPUE over a period identified as desirable in terms of CPUE but also in terms of catch level and stock status [START_REF] Little | Development and evaluation of a cpue based harvest control rule for the southern and eastern scalefish and shark fishery of Australia[END_REF].

By construction, the linear relationship between Cmax et la CPUE (i) can lead to significant variations in catch limits from one year to the next. To limit these fluctuations, the HCR formulation imposes constraints on the maximum catch limit (Cmax) which can vary from one year to the next by +5% in the case of a significant increase in CPUE (iii) or -10% in the case of a significant decrease in CPUE (iv). The limits applied to interannual variations in Cmax reflect uncertainties in the knowledge of rock lobster stock dynamics and CPUE indices.

Among the key elements in defining an HCR, the definition of the acceptable level of risk in view of the management objectives is essential. Several criterions are already integrated to ensure that uncertainty is taken into account in the current formulation of the HCR:

• The variation limit of -10% of the recommended catch is no longer effective if the recommended catch exceeds 50% of the previous season's catch indicating a significant drop in CPUE;

• The recommended catch is bounded by the maximum catch observed since 1980 ( 𝑚𝑎𝑥 𝑡=1980,…,𝑡-1 𝐶 𝑡 , (v)).

Little et al., 2011b demonstrated that as long as there is a limit on increases and decreases to the catch limit of no more than 50% then the notion of including a maximum catch limit is redundant. The second criterion could therefore be removed to simplify the HCR.

Given the empirical nature of the HCR, an uncertainty factor could be applied to the target catch in order to incorporate the uncertainties associated with these exploitation levels in relation to the results of stock assessments.

Discussions have been initiated with the TAAF fisheries department (DPQM) in 2020/2021 and will continue in the coming years to refine this HCR according to the management objectives of this fishery.

Amsterdam and Saint Paul stocks

The reference period is selected to ensure a biomass level in an acceptable, productive and sustainable state consistent with (or above) MSY. According to the assessment models that we have readjusted this year, the period 2001 to 2010 meets this condition [START_REF] Selles | Stock assessment of the southern Indian ocean St Paul and Amstedam rock lobster stocks using statiscal catch at age[END_REF]. The target CPUE is therefore the average CPUE of this reference period (Figure 1 and 2). The limit CPUE is fixed at 40% of the target CPUE. 

Figure 2

 2 Figure 2 and 4 shows the relationship between recommended catches and recent average CPUE changes for the set values of CPUEtarget, CPUElim and Ctarget. Cmax (RBC) and TAC values since 2015/16.

Figure 1 :Figure 2 :

 12 Figure 1: CPUE (left) and catches (right) series in Amsterdam. The nominal CPUE is represented by the black dots, the standardised CPUE is represented by the black line and the dotted black lines indicate the 95% confidence interval. The CPUE and catch limit, target and average values over the last 4 years are also shown. The blue rectangle corresponds to the selected reference period (2001-2010).

Figure 3 :Figure 4 :

 34 Figure 3: CPUE (left) and catches (right) series in Saint-Paul (excluding the 16-miles bank). The nominal CPUE is represented by the black dots, the standardized CPUE is represented by the black line and the dotted black lines indicate the 95% confidence interval. The CPUE and catch limit, target and average values over the last 4 years are also shown. The blue rectangle corresponds to the selected reference period (2001-2010).
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