
MARAM/IWS/2017/Hake/P6

Hake predation model mortality rates
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Summary

The natural mortalities-at-age indicated by an explicit model of hake predation on
hake are compared with those assumed for the Rademeyer and Butterworth (2014)
Reference Case Operating Model. This RC model is re-run with the 1984-2014
average natural mortality rates at age from the predation model and the results
compared. The main difference is in estimates of BMSY and of the status of each
species relative to that biomass level.

A brief comparison is provided between the time-independent natural mortality rates used in the Ref-
erence Case (RC) Rademeyer and Butterworth (2014) model (no explicit modelling of hake predation
effects) and the time-varying natural mortality rates estimated in the Ross-Gillespie (2016) hake preda-
tion model for both M. paradoxus and M. capensis. Figure 1 shows the Ross-Gillespie (2016) natural
mortality rates (for pre-exploitation equilibrium and averaged over the 1984-2014 period) compared to
the natural mortality rates assumed for the Rademeyer and Butterworth (2014) RC. Figure 2a depicts
bubble plots showing the Ross-Gillespie (2016) mortality rates as they vary by age and year, while
Figure 2b gives line plots of these mortality rates for a selection of years. Figure 3 shows the population
numbers-at-age by year for each species for the predation model.

The predation model natural mortality rate consists of a basal mortality component (fixed at 0.2 yr−1)
and a hake-on-hake predation mortality component. An upper bound of 0.92 yr−1 has been enforced
on the total mortality to prevent unrealistically high mortality rates. Note that the predation model
mortality rates presented here are the original ones from Ross-Gillespie (2016) and do not account for
recommendations made at the 2016 International Stock Assessment Workshop (IWS), which are still in
the process of being implemented. As such, since these results may be subject to change as the predation
model is developed further, this document serves primarily to illustrate in broad terms the potential
difference in natural mortality rates that could arise when hake-on-hake predation is taken into account.

There is considerable fluctuation in the mortality rates across the years, most likely a result of the lower
numbers of M. capensis of intermediate ages present around that time, which reduces the extent of
predation on youngest hake (see Figure 3). Because of these fluctuations in the predator age structure,
the mortality-at-age vectors neither decrease steadily over time, nor are always monotonic with age.
Nonetheless the predation model generally estimates higher natural mortality rates for hake of inter-
mediate age of 3-5 years than those assumed for the Rademeyer and Butterworth (2014) RC model.
This is particularly true for the pre-exploitation equilibrium, where the mortality rates are higher in the
predation model for hake up to age 7. If such high mortality rates do in fact occur in reality, this could
help account for the low numbers of older hake found in catches. Furthermore they have the potential
to have a sizeable impact on the hake stock assessment results.

For an initial investigation of this potential impact, the Rademeyer and Butterworth (2014) RC model
was re-run with the natural mortality rates-at-age fixed at the predation model 1984-2014 average
mortality rates-at-age for each species. Table 1 gives the parameter estimates for this run (as well as
those for the Rademeyer and Butterworth (2014) RC), and the corresponding negative log-likelihood
values are listed in Table 2. This indicates that the worse fit for the predation model based natural
mortalities-at-age vectors is primarily a consequence of a poorer match to the sex-aggregated commercial
catch-at-length (CAL) data. Figure 4 compares the spawning biomass trajectories for the RC and this
”predation model based” re-run, and Figure 5 contrasts the stock-recruitment relationships estimated for
the two runs. The survey and commercial selectivity functions for the two runs are shown in Figure 6 and
7 respectively. Further results are not shown here as they did not show any notable qualitative contrast
between the two runs. Apart from somewhat important differences in the estimates of spawning biomass
relative to Bsp

MSY (see Table 1 and Figure 4), the results of the two runs did not differ substantially.
This is perhaps not entirely unexpected as the 1984-2014 averaged predation mortality vector is not as
different from the RC mortality vector as, say, the 1916 predation mortality vector. A re-run with this
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latter mortality vector for each species, or with the full matrix of yearly varying natural mortalities-at-
age, would be interesting to explore, but have not been completed at this stage.

Sensitivity to the upper limit of 0.92 yr−1 and the basal mortality rate of 0.2 yr−1 for the predation
mortality was explored by Ross-Gillespie (2016), but are being reinvestigated as the recommendations
made at the 2016 IWS are implemented.
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Table 1: Key parameter outputs of the Rademeyer and Butterworth (2014) RC model and the Rade-
meyer and Butterworth (2014) model re-run with the predation model 1984-2014 natural
mortality vectors for each species. Note that the spawning biomass values correspond to the
female component of the population.
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Table 2: Negative log-likelihood components of the Rademeyer and Butterworth (2014) RC model and
the Rademeyer and Butterworth (2014) model re-run with the predation model 1984-2014
natural mortality vectors for each species.
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Figure 1: Natural mortality rates are shown for the Rademeyer and Butterworth (2014) model and the
Ross-Gillespie (2016) hake predation model. The predation model mortality rates are time-
varying and are shown for the pre-exploitation equilibrium (dashed blue line) and averaged
over the last three decades (1984-2014) (solid black line).

5



M
A

R
A

M
/IW

S
/2017/H

ake/P
6

−100

−
10

0

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

(i) M. paradoxus natural mortality by age and year

0
2

4
6

8
10

12
14

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

−100

−
10

0

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●
●
●

●

●

●

●

●

●

●

●

●

●

●
●
●

●
●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●
●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

(ii) M. capensis natural mortality by age and year
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Figure 2a: Annual natural mortality rates for the Ross-Gillespie (2016) predation model. The size and shading of the each circle is relative to the magnitude of the
mortality rate for that given year and age group, with large black circles corresponding to the largest mortality rate. The vertical lines of different colours
show the years for which the mortality rate curves are shown in Figure 2b.
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Figure 2b: Natural mortality rates are shown for the Ross-Gillespie (2016) hake predation model for
a selection of years, as well as for the the Rademeyer and Butterworth (2014) single-stock
model.
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Figure 3: Annual numbers-at-age for the Ross-Gillespie (2016) predation model. The size each circle is relative to the numbers for that age group at equilibrium, i.e.
the circles in 1916 correspond to a radius of one for all the age groups. The vertical lines of different colours show the years for which the mortality rate
curves are shown in Figure 2b.
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Figure 4: Female spawning biomass trajectories for the Rademeyer and Butterworth (2014) RC model
and for the Rademeyer and Butterworth (2014) model re-run with the predation model
1984-2014 natural mortality vectors for each species. The horizontal lines in the second row
show the maximum sustainable yield levels relative to pristine female biomass.

(A) Rademeyer and Butterworth (2014) RC

(B) RC re-run with predation mortality vector

Figure 5: Recruitment is plotted against female spawning biomass for the Rademeyer and Butterworth
(2014) RC model and for the Rademeyer and Butterworth (2014) model re-run with the
predation model 1984-2014 natural mortality vectors for each species.
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Figure 6: Survey selectivities for the Rademeyer and Butterworth (2014) RC model and for the Rade-
meyer and Butterworth (2014) model re-run with the predation model 1984-2014 natural
mortality vectors for each species.
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(A) Rademeyer and Butterworth (2014) RC (B) Rademeyer and Butterworth (2014) re-run with the predation mortality vector

Figure 7: Commercial selectivities for the Rademeyer and Butterworth (2014) RC model and for the Rademeyer and Butterworth (2014) model re-run with the
predation model 1984-2014 natural mortality vectors for each species.
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