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Summary

Updated hake standardized CPUE indices and catches are reported from the application of three alternative species-splitting algorithms.

Introduction

The coast- and species-specific nature of the hake assessment model and OMP requires that the commercial hake catches be split by coast and species. In keeping with the four year lifespan of an OMP (unless exceptional circumstances warrant otherwise), a revision of the species-splitting algorithm was due.  The algorithm was thus updated in 2017 (OLSPS, 2017), providing parameter estimates for a suite of models which differ in terms of input data and explanatory variables. Updated species- and coast-specific CPUE indices and catches for three alternative algorithms are provided for input to the updated hake assessment and OMP.

The updated species-splitting algorithm (Alg17)

The following abbreviations apply in this document:

Alg13: The coast- and species-splitting algorithm developed in 2013 by fitting to research survey data extending to 2012 (OLRAC, 2013), modelling numbers of fish and including fish size category (S,M,L) and depth as covariates in the model (see algorithm details in Appendix A).

Alg17: OLSPS Marine (2017) explored a number of candidate models when developing an updated species-splitting algorithm, with survey, observer and OROP data available for analysis purposes where data extended to February/March 2017.

For Alg17 a GLMM with a logit function and a binomial distribution was used and, for all models considered, trawl_id was included as a random effect:

											(1)

where  is the proportion of M. paradoxus for a given trawl and  depends on the factors included in the model.



The following Alg17 model variants were tested:

· Model A1: developed using only survey data only, fitting to numbers of fish and including fish size category (S,M,L), a single depth covariate[footnoteRef:1] and categorical variables latitude/longitude (depending on the coast being analysed) as explanatory variables. [1:  Implies that the distribution of sizes across depth is the same] 

· Model A2: developed using survey and observer data, fitting to numbers of fish and including fish size categories (S,M,L), a single depth covariate1 and categorical variables latitude/longitude.
· Model A3: developed using survey data only and fitting to numbers of fish.[footnoteRef:2] [2: Models A3-A6 include size class and geographical location (latitude/longitude) as categorical variables and depth as a covariate.  Interactions between size class and depth and size class and geographical location are also included.
] 

· Model A4: developed using survey and observer data and fitting to numbers of fish.2
· Model A5: developed using survey data only and fitting to mass of fish.2
· Model A6: developed using survey and observer data and fitting to mass of fish.2

At the time that the results of the above models were presented, Model A6 was the favoured option for splitting the catches by species, the parameter estimates of which are reported in Table 1.

Results and Discussion

A comparison of the species- and coast-specific standardized CPUE indices derived from the application of Alg13 and Model A6 of Alg17 is shown in Figure 1.  Of concern is that the South Coast M. paradoxus standardized CPUE estimates arising from Model A6 show an increasing trend in CPUE since 2012, whereas a declining trend is evident for the same period given the application of Alg13.

The differences between Alg17 and Alg13 were investigated further and narrowed down to two possible candidates for explaining the differences in recent CPUE trends for South Coast M. paradoxus.  The two candidates are as follows:
(i) including trawl ID as a random effect in Alg17 (which did not form part of Alg13).  This was motivated for by arguing that the exclusion of such an effect implies that the proportions of M. paradoxus in the various size classes (S, M,L) for a particular tow/drag are independent, and that this is not likely a valid assumption (M. Bergh, OLRAC, pers commn).
(ii) including latitude/longitude effects in Alg17 (these positional effects did not form part of Alg13).

Sensitivity to Model A6 of Alg17 was therefore tested where trawl ID was not included as a random effect in the model (denoted Model A6b, the parameter estimates of which are reported in Table 2).
Furthermore, an examination of AIC statistics and cross-validation results related to the inclusion of latitude/longitude indicated that their inclusion in Alg17 was statistically justified (M. Bergh, OLRAC, pers. commn) and they were thus retained.


A comparison of standardized CPUE trends derived from the application of Alg13 and Alg17 (Models A6 and A6b) is shown in Figure 2 and reported in Tables 3 and 4.  These trends suggest that some of the difference in the standardized CPUE indices derived by Alg13 and Model A6 respectively can be explained by the introduction of trawl ID as a random effect in Alg17 given that Model A6b indices lie between those of Alg13 and Model A6.

The coast- and species specific catches for each Model are shown in Figures 3 and 4 and reported in Tables 5 and 6.

References

Glazer, J. 2018. Updated hake CPUE indices and catches from the application of updated species-splitting algorithms. Unpublished DAFF Working Group Document: FISHERIES/2018/FEB/SWG-DEM/08.  9pp.

Glazer, JP, Bergh, MO, Butterworth, DS, Durholtz, D and A. Ross Gillespie.  2018.  Further hake species-splitting algorithm results.  Unpublished DAFF Working Group Document: FISHERIES/2018/JULY/SWG-DEM/27.  9pp.

OLRAC.  2013.  A further update of the hake species splitting model.  Unpublished Working Group Document FISHERIES/2013/FEB/SWG-DEM/12, and associated ADDENDUM (Updated parameter estimates for the hake species split model).  16pp+1pp.

OLSPS Marine. 2017. A revision of the species splitting formula for hake incorporating survey and observer data. Unpublished DAFF Working Group Document: FISHERIES/2017/OCT/SWG-DEM/23a-d.  26pp.


Table 1: Coast-specific parameter estimates for Model A6 (shaded area).
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Table 2: Coast-specific parameter estimates for Model A6b (shaded area).
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Table 3: Standardized M. capensis CPUE indices by Coast derived from Alg13, Model A6 and Model A6b respectively.
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Table 4: Standardized M. paradoxus CPUE indices by Coast derived from Alg13, Model A6 and Model A6b respectively.
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Table 5: M. capensis catches by Coast derived from Alg13, Model A6 and Model A6b respectively.
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Table 6: M. paradoxus catches by Coast derived from Alg13, Model A6 and Model A6b respectively.
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Figure 1: Comparison of coast- and species-specific standardized CPUE indices between Alg13 and Model A6 of Alg17.  Each index has been normalized to its mean over the period 1978-2017.
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Figure 2: Comparison of coast- and species-specific standardized CPUE indices between Alg13 and Models A6 and A6b of Alg17.  Each index has been normalized to its mean over the period 1978-2017.
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Figure 3: Annual catches for Alg13 and Models A6 and A6b of Alg17. [Note: Scales differ]



APPENDIX A

The 2013 species splitting algorithm (Alg13)

OLRAC (2013) derived the algorithm based on updated research survey data for the period 1985-2012.  The algorithm is based on GLMs applied to the data in which the scaling parameter is estimated using the Pearson Chi-squared method.  A binomial distribution with a logit link function was applied.  Both west and south coast data were modelled using the equation:


										(1)


with							(2)

where:		P is the proportion of Merluccius paradoxus (in numbers);
 		is the intercept;

	is the year parameter for year y;

	is the latitude parameter;

	is the size class specific parameter;

	is the constant of proportionality in the linear relationship assumed with depth;

OLRAC (2013) reported that neither the area effect (latitude for the west coast and longitude for the south coast) nor the year effect had a substantial impact on the variance of prediction, so that the final model selected for each coast did not include those effects, i.e. 


									(3)

The parameter estimates are shown in Table A1.

Table A1:  Model parameter estimates for the hake species splitting model.

	Parameter
	Estimates

	
	West Coast
	South Coast

	µ
	-12.978
	-22.674

	λsmall
	5.928
	8.8

	λmedium
	2.137
	5.733

	λlarge
	0
	0

	γ (meters-1)
	0.037
	0.084
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