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Abstract: Stock assessment is the key to the scientific management and decision-making of fishery resources.
With improvements in stock assessment and computer performance, stock assessments are developing toward
diversification and complexity. In the last decade, more than 16 new data-limited/poor stock assessment methods
and approaches have been developed for species and fisheries with low-quality data. However, there is a lack of
effective tools for developing, selecting, and diagnosing assessment models. Population simulations can promote
effective management strategy evaluations by building operating models. Meanwhile, population simulation is an
important tool to develop new assessment approaches, due to its ability to flexibly integrate different sources of
information, such as environment survey data, tagging and releasing data, and multi-species data. In general,
population simulation usually consists of 4 components: the operating models, observation model OM, estimation
model, and performance metrics. This study first summarized and reviewed the structure and development of
population simulation, then classified and evaluated the advantages and disadvantages of various OMs, namely, a
population-dynamics/ surplus-production-model-based OM, statistical catch-at-age models, age structured-stock-assessment-
program-based OM, and integrated-analysis-based OM. In addition, for the applications of the population simulation, we
summarized the potential problems of four common sources of uncertainty in stock assessment and fishery
management: (1) process error, indicating the deviation or bias caused by the species itself and the environment; (2)
observation error, reflecting the uncertainty caused by fishery operations, data collection, and time-varying catch
efficiency; (3) model error, representing the error of parameter estimation and model structure (for example, the
equilibrium production model ignores the age structure); and (4) management implementation error, indicating
errors generated during the implementation of management measures, such as discard rate, misreporting, and
illegal fishing. In addition, we used practical cases to analyze the role and prospect of population simulation in
data-limited and data-moderated methods. Simulation analysis can play an effective role in diagnostics when
selecting methods on which to base stock assessments. It is suggested that the following issues should be
considered and addressed in future research. (1) Most data-limited methods contain potential and essential
assumptions, but may not reflect the biological character of the assessed species, which should be considered by
decision-makers in model-based management. (2) Multi-species and ecosystem-based population simulation are
still under development due to lack of sufficient data, but it will be an important research direction in the future. (3)
Neither management strategy evaluation nor stock assessment can completely reject overfishing, and it is possible
to select appropriate management strategies with current information and management objectives. Finally, (4) with
cross-disciplinary cooperation, population simulation can effectively combine economic, social, conservation, and
other factors to formulate more scientific and effective management strategies.
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