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BACKGROUND: Within the U.S. Department of the Interior, the Minerals Management Service (MMS) has the responsibility to investigate potential effects of Outer Continental Shelf (OCS) mineral development.  A major concern of OCS exploration for oil and gas resources is risk of accidental spills and their damaging impact on commercial fisheries.  Assessing long‑term impacts requires state‑of‑the‑art technology and data for both modeling oil fate and fish population dynamics.  This report reviews available models that could be used for these purposes.

OBJECTIVES: (1) To perform a literature search for mathematical models, either Monte Carlo or adaptable to Monte Carlo simulation, which have been or could be used in estimating commercial fisheries losses due to oil spills; (2) To evaluate selected models; and (3) To prioritize the models best suited for estimating commercial fisheries losses given the criteria of precision, accuracy, sensitivity, input data availability and accessibility for critical parameters, input data format requirements, cost of acquisition and operation, and adaptability to Monte Carlo techniques.

DESCRIPTION: Phase I identified mathematical models with potential for being incorporated in an oil spill‑fishery model from literature searches in the general areas of oil spills, their impact on fisheries, and fisheries models [e.g., U.S. Geological Survey model (USGS)].  Desirable attributes of an oil spill‑fishery interaction model were defined.  Phase II contains evaluation of six models selected by the MMS: Andersen and Ursin (AU), Danish Ecosystem Model; DeAngelis et al. (DA), Generalized Fish Life‑Cycle Population Model; Dynamic Numerical Marine Ecosystem Model (DYNUMES); Lorda and Salia (LS), University of Rhode Island (URI), Stochastic Density‑Dependent Leslie Fish Population Model; Ogawa and Mitsch (OM), ITT Corporation, Fish Population Model with Account of Fish Metabolism; and Reed et al. (RSC), URI, Oil Spill‑Fishery Interaction Model. The models were assessed for data requirements.  Data availability in each OCS area was assessed.  Problems with existing models and a conceptual approach to a general oil spill‑fishery interaction model were discussed.

SIGNIFICANT CONCLUSIONS: The general conceptual approach recommended for modeling oil spill‑fisheries interaction is an ocean transport and oil fates model, such as contained in RSC Model, coupled with a stochastic matrix fisheries model incorporating density dependent mortality for early fish life stages.  This approach could be applied to all OCS areas except Alaska and the Gulf of Mexico.  For the Alaskan OCS, a modification of DYNUMES Model may be the best approach.  None of the models reviewed appear suitable for warm water fisheries such as the Gulf of Mexico, due to continuous spawning.

STUDY RESULTS: Phase I identified mathematical models with potential for being incorporated in an oil spill‑fishery model.  As a generalized oil spill risk analysis tool, the USGS Model has two main strengths:  (1) incorporation of the stochastic approach to predictive impact estimation; and (2) computational speed. The USGS Model has several shortcomings for use in modeling oil spill‑fishery interaction.  The physical processes of most importance in terms of fisheries impacts are dissolution, sinking, entrainment, sedimentation, spreading, and advection.  The USGS Model only addresses advection.  Several fish population models were identified with potential for being coupled to an adequate oil spill model.  Only the RSC Model addresses oil spill‑fishery interaction.  Although particular effort was made to identify fisheries simulation models incorporating Monte Carlo techniques, only two of the fisheries models identified had been investigated under stochastic simulation conditions.  However, most models could be adapted to characterize uncertainty in model predictions due to uncertainty in model parameters.  

Phase II evaluation of the six models selected by the MMS found that no single modeling strategy emerged as best for all major OCS areas.  Almost complete lack of reliable food composition estimates for all major fish predators included in multispecies models (AU and DYNUMES) is the major obstacle to application at this time.  Of the single species models (DA, LS, OM, and RSC) reviewed, those with matrix formulations (DA and LS) have the greatest flexibility for fish modeling.  LS is the only model already structured for stochastic simulation.  All of these models simply simulate fish population dynamics and do not include submodels to simulate ocean transport and oil fates.  Only the RSC Model contains such submodels.  In addition, the RSC Model describes vertical mixing of both oil and ichthyoplankton which are essential features for realistic impact assessment of oil spills on fisheries.  A combination of the three‑dimensional hydrodynamic model found in the RSC Model and the stochastic matrix LS Model for simulating fish populations appears to be the best choice at this time.  This approach could be used for all OCS areas, given data availability, except Alaska and the Gulf of Mexico.  Some adaptation of the DYNUMES Model seems more appropriate for the Alaska OCS area.  None of the reviewed models are adequate for simulating fish population dynamics with continuous spawning which is typical of warm water species.  This includes most species in the Gulf of Mexico, leaving this OCS area without a clear choice of modeling strategy.

Further research requirements include the need for reliable estimates of early life history natural mortality, data on hydrocarbons toxicity to early fish life forms, and sublethal effects of adult fish exposure to hydrocarbons.  Previous studies have shown that natural mortality during the early life history of fish is more critical than either threshold toxicity values or the amount of oil dispersed in the water column.  Early life history mortality data are scarce or unavailable for many commercial species.  Without these data, quantitative oil impact prediction becomes unreliable, regardless of the simulation model being used.
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