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A framework for evaluating spatial closures as a fisheries management tool was applied to the SNA 1 fishery as a case study. This involved several steps: (1) review information on the spatial distribution and dynamics of fish and fishing effort; (2) define spatial and temporal resolution for the model appropriate to the information available; (3) specify models for the spatial dynamics of fish and fishing effort appropriate to the information available; (4) integrate the models for spatial dynamics with the existing population dynamics model; (5) estimate parameters of the model and associated uncertainty by fitting the model to the data, and (6) evaluate alternative closure regimes based on the model, parameter estimates and levels of uncertainty. This report describes steps 1 to 5.

Information on the spatial distribution and movement of snapper is available from egg surveys, juvenile trawl surveys, and several tagging studies. Environ.mileental variables that may reflect the habitat preference of snapper were also examined.  Data on the catch and effort of fishing were reviewed and prepared for use in the model.

A spatial resolution of 5 n.mile was used as a compromise between computational demands and spatial realism.  The SNA 1 area out to the 100 m contour was divided into 271 5 n.mile by 5 n.mile cells.  A temporal resolution of 3 months was used so that the seasonal inshore-offshore movement of adult snapper could be captured.

A model for the spatial dynamics of snapper was developed based on a habitat preference index which incorporated depth, temperature, exposure and substrate type, and an advection-diffusion model.  The habitat preference model was made seasonal for adult snapper and the advection-diffusion model was modified to simulate spawning aggregations in spring.  A diffusion model was used for the dispersal of larvae.  The allocation of fishing effort amongst cells within a statistical area was modelled using a utility function that included effects of exploitative competition, interference competition, and travel costs. This was done separately for each of the major gear types: longline, single trawl, pair trawl, Danish seine, other commercial, and recreational.

The spatial and population dynamics models were integrated by effectively replicating the age-structured assessment model in each of the model cells.  The stock-recruitment relationship was given a spatial component by making post-settlement survival dependent upon the juvenile habitat preference for each cell.

Markov Chain Monte Carlo (MCMC) simulations were done to estimate the joint posterior distributions of parameters. Likelihoods were calculated by fitting model predictions to egg survey data, juvenile (1+ age class) trawl survey data, longline CPUE index, catch-at-age data, and tag release-recapture data.  The high computational demands of the model meant that an insufficient number of parameter combinations could be trialled in the MCMC simulations. We present the parameter estimates and fits to the data from the best fitting of the trials done.

In general, the parameter estimates were consistent with those expected based on the literature on the habitat preference and movement of snapper. Fits to the data were of variable quality.  The fits to egg and juvenile trawl survey data were poor and predictions did not capture the observed spatial distributions of eggs and juveniles. Fits to CPUE were better, with the observed seasonal variation in snapper abundance being captured reasonably well by the model for some statistical areas. The best fits were to tagging data with the model capturing the movement of adult snapper between statistical areas.

To examine parameter uncertainty and the information content of the different sets of data, within the constraints set by the computational demands of the model, we performed ‘likelihood slices’ by altering the value of the parameter of interest and calculating likelihoods while fixing all other parameters at their base case values. In general, for parameters of the population dynamics, there was greatest information in the CPUE, catch-at-age, and tag data sets. There was generally less information in the data on parameters for fish habitat preferences and even less for movement. In particular, there was very little information in any of the data sets relating to the diffusion of larvae and the diffusion and advection of juveniles. The parameters describing the spatial dynamics of fishing effort appear to be the most poorly determined.

The SNA1 case study presented here illustrated that the framework for evaluating spatial closures can be applied to a real fishery. The spatial model developed here is meant only to be a test of applying the framework.  It requires further refinement and peer review before it could be used for formally assessing closures for SNA 1. In particular, the speed of the model would need to be increased so that proper MCMC simulations or profile likelihoods could be done.  This could be done through parallel computation, improvements in algorithmic performance, or reducing the spatial resolution of the model.

The current application of the framework illustrates that spatial closures can be evaluated in the same way that other fisheries management controls are evaluated.  This includes an evaluation of the uncertainty of their effects.  A spatially explicit model allows spatial closures to be evaluated under various scenarios, using as much as possible of the available information, in an objective manner.

