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Introduction 

When simulating testing alternative candidate Management Procedures for South African sardine and anchovy 

assuming the sardine resource consists of two components, a proportion of the catch must be simulated to be taken 

from each component.  In the absence of explicit spatial management rules, the proportion of the catch taken west 

of Cape Agulhas is based on a relationship with the ratio of the model predicted biomass of sardine west of Cape 

Agulhas in the previous November to the directed sardine Total Allowable Catch (TAC) (de Moor et al. 2016, de 

Moor 2017, de Moor and Coetzee 2017).  This relationship quantifies how the proportion of the catch taken west 

of Cape Agulhas increases as this biomass : TAC ratio increases (Figure 1); for example, once this western component 

of the biomass exceeds about five times the TAC, the proportion of the TAC taken west of Agulhas starts to exceed 

about 80% on average. 

 

In simulations to date, the proportion of catch simulated to be taken west of Cape Agulhas was based on a single 

relationship fitted to the posterior median west component biomass, with random deviations generated about this 

relationship in logit space (de Moor 2017, de Moor and Coetzee 2017).  This is now updated to allow for a different 

relationship for each simulation (Cox et al. 2017) and a different error structure. 

 

Method 

For each simulation, i=1,…,1000, a relationship was estimated as follows: 

𝑝𝑦
𝑝𝑟𝑒𝑑

= 𝑓(𝑇𝐴𝐶𝑦
𝑆 𝐵1,𝑦−1

𝑆,𝑖⁄ ) = 𝑔1
𝑖 (1 − 𝑒𝑥𝑝{−𝑔2

𝑖 𝐵1,𝑦−1
𝑆,𝑖 𝑇𝐴𝐶𝑦

𝑆⁄ }) (1) 

by minimising a binomial likelihood: 

−𝑙𝑛𝐿 =  ∑ {−𝑁𝑝𝑦
𝑜𝑏𝑠𝑙𝑛(𝑝𝑦

𝑝𝑟𝑒𝑑
) − 𝑁(1 − 𝑝𝑦

𝑜𝑏𝑠)𝑙𝑛(1 − 𝑝𝑦
𝑝𝑟𝑒𝑑

)}2015
𝑦=1987 , 

where 𝑝𝑦
𝑜𝑏𝑠 is the historically observed proportion of directed sardine catch taken west of Cape Agulhas in year y. 

The value of the variance-determining parameter N was estimated by  𝑁 =
∑ 𝑝𝑦

𝑝𝑟𝑒𝑑
(1−𝑝𝑦

𝑝𝑟𝑒𝑑
)2015

𝑦=1987

∑ (𝑝𝑦
𝑜𝑏𝑠−𝑝𝑦

𝑝𝑟𝑒𝑑
)2015

𝑦=1987

 (McAllister and 

Ianelli 1997), which yielded 13 for the time series of posterior median biomass; it was assumed that this value could 

reasonably be applied to all simulations. 

 

For each simulation, i=1,…,1000, the future proportion of catch west of Cape Agulhas, 𝑝𝑦
𝑖 , was generated from the 

relationship in equation (1) with normally distributed error.  The standard deviation of that normal distribution was 

assumed to be that given by the binomial distribution form used in the estimation, i.e.:  
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𝑝𝑦
𝑖 = 𝑝𝑦

𝑝𝑟𝑒𝑑
+ 𝜀𝑦

𝑖 √𝑝𝑦
𝑝𝑟𝑒𝑑

(1−𝑝𝑦
𝑝𝑟𝑒𝑑

)

𝑁
, where 𝜀𝑦

𝑖 ~𝑁(0,1) (2) 

with the restriction that 0 ≤ 𝑝𝑦
𝑖 ≤ 1. 

 

Results and discussion 

This data generation method was checked using the historical posterior median biomass west of Cape Agulhas.  The 

standard deviation in normal space of the fitted relationship was calculated as:  

𝑆𝐷𝑓𝑖𝑡
𝑚𝑒𝑑𝑖𝑎𝑛 = √

1

29
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𝑜𝑏𝑠 − 𝑝𝑦
𝑝𝑟𝑒𝑑

)
2

2015
𝑦=1987 =0.10 (3) 

The standard deviation in normal space of the generated values about the relationship was calculated as: 

𝑆𝐷𝑔𝑒𝑛
𝑚𝑒𝑑𝑖𝑎𝑛 = √

1

29
∑ (𝑝𝑦

𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑
− 𝑝𝑦

𝑝𝑟𝑒𝑑
)

2
2015
𝑦=1987 .   (4) 

This standard deviation ranged from ~0.08 to 0.11, depending on the replicate projection, i.e. the 𝜀𝑦
𝑖  (blue circles in 

Figure 1), suggesting that N=13 is not unreasonable even though the estimator for N is not very robust. 

 

Fitting the relationship to the 1000 draws from the posterior distribution did not result in substantial changes in the 

relationship from that estimated using the time series of west component biomass as the posterior median (Figure 

1).  The median of 𝑔1
𝑖  was 0.905, with a 90% probability interval of [0.903, 0.907], and the median of 𝑔2

𝑖  was 0.417, 

with a 90% probability interval of [0.407,0.427]. 

 

Figure 2 shows the generated proportions of catch west of Cape Agulhas using equation (2) for N=13 and N=20.  A 

problem with the N=13 choice is that 6% of the values generated had to be culled because they exceeded 1, 

suggesting also that the simulated distribution is somewhat wider than appropriate; pending examination of other 

methods to avoid generating these p values above 1, we opted to use N=20 for the time being as this reduced this 

proportion to 4%.  
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Figure 1. The proportion of catch west of Cape Agulhas in year y plotted against the ratio of the west coast biomass in 

November (y-1) : TAC in year y (black diamonds).  This relationship (red circles) was estimated using the posterior median 

of the two component hypothesis with the stock recruitment relationship estimated after conditioning.  The blue open 

circles are proportions generated about the relationship using equation (2) with one set of random residuals for a single 

replicate trajectory. 

 

 

 

Figure 2.  The future generated proportion of catch west of Cape Agulhas in year y plotted against the ratio of the west 

coast biomass in November (y-1) : TAC(y) for the 1000 simulations assuming a) N=13 and b) N=20.  The plots on the right 

hand side are a repeat of those on the left, but with a different horizontal axis scale. 
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