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Summary of issues pertinent to a decision on possible adjustment of the maximum directed sardine catch allowance west of Agulhas for 2016

Coetzee, J.C., Butterworth, D.S., van der Lingen, C. and de Moor, C.L.

Note: Percentage figures given relate to the maximum proportion of the current directed sardine TAC to be taken west of Agulhas, which is 45.6% (corresponding to the average biomass proportion WoCA observed during the past two November surveys [=35.6%] plus the 10% leeway allowance) in terms of the present “gentlemen’s agreement”, corresponding to 29 114 tons.

1) Hydrodynamic model – Rather work with proportion of biomass effectively contributing to recruitment in the west, than with the proportion of biomass west of Agulhas (all computations based on November survey results)

35.6%	 52.8%	(49% increase based on survey data)

Note that the current maximum allowance for the West Coast is based on a 10% increase to this 35.6% figure.


2) 10% allowance on proportion of biomass west of Agulhas

1. 10% considered to have been allowed primarily because original testing of the rule used in the “Gentleman’s agreement” indicated the rule resulted in proportions of catch in the west lower  than actual proportions historically taken by the industry, and the 10% allowed for some flexibility in case the rule was ‘a step too far’ for the industry to attain during the short term ‘warm-up period’ – it is now considered unnecessary to adjust (i.e add 10%) given that the change in 1) reduces this past discrepancy

52.8%  ->  52.8%   (no further increase in proportional west allocation)

1. 10% considered to have been allowed primarily because of survey estimation uncertainty – then this would be considered appropriate to apply to change under 1)

52.8%  ->  62.8%    


3) Current west spawning biomass is very low

1. Bspwest(2015) = 72 000t with Ksp = 706 000t so that Bsp/Ksp = 0.10           

1. The new hockey-stick S/R relationship indicates that unlike before, recruitment starts to decline only for Bspwest below the rather low level of 7 000t 

1. Nevertheless the values for the lowest three Bspwest points in Fig 3 are all below the asymptotic level.

4) The 2016 recruitment estimate is poor (possibly a consequence of the low November 2015 biomass estimate in the west).

This recruitment estimate of 0.811 billion fish is the lowest measured since 1988 and far below the long-term median recruitment estimate of 7.38 billion.


5) ER/M and F/M for the west coast sardine stock appears low compared to values evident for other sardine stocks when showing an increasing trend

i) ER/M is 40% lower and F/M 38% lower than the median for such other stocks.
ii) Projected ERs for 2016 for sardine on the west coast are higher than ERs corresponding to past increasing west stock biomass, indicating a lower chance of increase during 2016 given the projected ERs. 


6) The updated risk analysis

ER values reported in the table consider directed sardine Jan-Dec catch only.

7) The June 2016 survey provides a basis to update the estimate of 1+ biomass in Nov 2015 (biomass-based model)

Biomass in thousand tons of    131.7  ->  147 (12% west allocation proportional increase; ER values reported based on Jan+ catches only


8) The June 2016 survey provides a basis to update the estimate of 1+ biomass in Nov 2015 (age-based projection model)


Biomass in thousand tons of    140.1  ->  162.1   (23% west allocation proportional increase); ER values reported based on both Nov-Oct  and Jan-Dec catches


9) Projection from Nov 2015 to Nov 2016 (age-based projection model)

33 500t caught west of Cape Agulhas will result in an exploitation rate of over 0.38, substantially higher than that of the recent past and higher than those shown by point 5) above; ER values reported based on both Nov-Oct and Jan-Dec catches


10) Potential financial losses to industry

1. Some 10 000 tons of directed TAC not caught if available on west but not on south coast
Loss R 190 million 

1. Some 10 000 tons of directed TAC caught on south coast instead of west coast and trucked to west coast factories 
Loss R 11 million


A) Pertinent further information still to come

i) Fits to stock recruit curves	(later this year)
Do these indicate any preference between models which take account of spawners east of Agulhas making more or less contribution to recruitment in the west?

ii) Update on hydrodynamics model	(next year)
Will enable improved computations of effect 1) above

B) General/Longer Term

· There is clear evidence that there are at least two “biological” (“demographically distinct”) sardine stocks off South Africa. However the key point at issue here concerns recruitment from the westernmost of such stocks, for which the core question is to what extent spawners east of Agulhas contribute to recruitment on the west coast.

· Views on this are inferentially based at this time, informed particularly by the hydrodynamics model.

· Reservations exist: evolutionary effects might see egg and larval behaviour more geared to achieve movement west than suggested by the inert particle assumption of the hydrodynamics model; the poor recruitment evident on the South Coast (including from westernmost stock animals on that coast) is unexpected, raising questions.

· Alternatively, the poor productivity of fish on the south coast (irrespective of their origin) might be expected because of the lower primary and secondary productivity in that area and potentially higher predation on early life stages by other small pelagic and demersal species. Additionally, extensive HAB outbreaks on the south coast in recent years and their apparent negative impact on sardine condition, and hence reproductive output, may also be a contributing factor.

· The only possibility for direct confirmation of current inferences would be via parent-offspring close-kin mark-recapture genetics, but costs would be in the tens of millions of Rands for genotyping the sample sizes required.

· Is there movement across the Agulhas “boundary” during the year sufficient to invalidate decisions based on the distribution indicated by the November survey? An initial examination based on the distribution of 1+ sardine found during the recruitment survey did not support this contention. A full examination would however require extensive surveying.

· The average biomass west of Cape Agulhas over the most recent 5 years is ~70% of what it was in the years (91-94) prior to the rapid growth in the sardine population that led to peak years of biomass in the early 2000s. The 1991-94 biomass is the risk level below which we did not want to drop under a one-stock scenario.  Considering the whole population, the average biomass over the most recent 5 years is similar to this risk level and the biomass in November 2015 was just 28% of this risk level (at the joint posterior mode)
20.459845000000001	16.455425000000002	57.08625	135.195573	124.429922	214.24491599999999	200.29424	112.38691799999999	91.644062000000005	150.71836099999999	237.51394300000001	162.17054099999999	180.48488	190.35924299999999	166.53273999999999	125.94895	102.150513	61.417597000000001	179.73223100000001	125.312674	121.42043700000001	28.096381999999998	100.78733200000001	22.179973	27.438693000000001	98.170449000000005	179.263611	377.68430499999999	229.40387200000001	118.179867	136.03222500000001	11.276598	16.602515	17.600415000000002	11.831769	12.832744999999999	11.573969999999999	13.175622000000001	22.625211	32.008175999999999	12.596786	33.907975999999998	23.950071999999999	41.422891	37.843879000000001	34.601776999999998	37.038352000000003	172.35943800000001	129.419591	95.576958000000005	22.356354	14.716248	21.011341999999999	14.68426	19.840022000000001	17.735567	55.974966000000002	11.876637000000001	25.118812999999999	17.044294000000001	15.628214	24.407337999999999	Fitted SR curve	0	10	20	30	40	50	60	80	100	150	250	275	300	325	350	375	400	425	450	475	500	525	550	575	600	625	650	675	700	725	750	775	800	825	850	875	900	925	950	975	1000	1025	1050	1075	1100	1125	1150	1175	1200	1225	1250	1275	1300	1325	1350	1375	1400	1425	1450	1475	1500	1525	1550	1575	1600	1625	1650	1675	1700	1725	1750	1775	1800	1825	1850	1875	1900	1925	1950	1975	2000	2025	2050	2075	2100	2125	2150	2175	2200	2225	2250	2275	2300	2325	2350	2375	2400	2425	2450	2475	2500	3000	3500	4000	0	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	22.658833999999999	0	10	20	30	40	50	60	80	100	150	250	275	300	325	350	375	400	425	450	475	500	525	550	575	600	625	650	675	700	725	750	775	800	825	850	875	900	925	950	975	1000	1025	1050	1075	1100	1125	1150	1175	1200	1225	1250	1275	1300	1325	1350	1375	1400	1425	1450	1475	1500	1525	1550	1575	1600	1625	1650	1675	1700	1725	1750	1775	1800	1825	1850	1875	1900	1925	1950	1975	2000	2025	2050	2075	2100	2125	2150	2175	2200	2225	2250	2275	2300	2325	2350	2375	2400	2425	2450	2475	2500	3000	3500	4000	0	0.28507615139528086	0.57015230279056173	0.85522845418584259	1.1403046055811235	1.4253807569764043	1.7104569083716852	2.2806092111622469	2.8507615139528086	4.2761422709292125	7.126903784882022	7.8395941633702231	8.552284541858425	9.2649749203466278	9.9776652988348289	10.690355677323032	11.403046055811235	12.115736434299436	12.828426812787638	13.541117191275839	14.253807569764044	14.966497948252245	15.679188326740446	16.391878705228649	17.10456908371685	17.817259462205051	18.529949840693256	19.242640219181457	19.955330597669658	20.668020976157862	21.380711354646063	22.093401733134268	22.806092111622469	23.51878249011067	24.231472868598871	24.944163247087076	25.656853625575277	26.369544004063478	27.082234382551679	27.79492476103988	28.507615139528088	29.220305518016289	29.93299589650449	30.645686274992691	31.358376653480892	32.0710670319691	32.783757410457298	33.496447788945503	34.2091381674337	34.921828545921905	35.634518924410102	36.347209302898307	37.059899681386511	37.772590059874716	38.485280438362913	39.197970816851118	39.910661195339316	40.62335157382752	41.336041952315725	42.048732330803922	42.761422709292127	43.474113087780331	44.186803466268536	44.899493844756734	45.612184223244938	46.324874601733136	47.03756498022134	47.750255358709538	48.462945737197742	49.175636115685947	49.888326494174152	50.601016872662356	51.313707251150554	52.026397629638758	52.739088008126956	53.45177838661516	54.164468765103358	54.877159143591562	55.58984952207976	56.302539900567965	57.015230279056176	57.727920657544374	58.440611036032578	59.153301414520776	59.86599179300898	60.578682171497178	61.291372549985383	62.00406292847358	62.716753306961785	63.429443685449989	64.142134063938201	64.854824442426391	65.567514820914596	66.280205199402801	66.992895577891005	67.705585956379196	68.4182763348674	69.130966713355605	69.843657091843809	70.556347470332014	71.269037848820204	85.522845418584254	99.776652988348303	114.03046055811235	0	5000	95.642060999999998	95.642060999999998	Spawner Biomass ('000t)

Recruits (in billions)


1

