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I Introduction

The Japanese sardine (Sardinops melanostictus) is a valuable marine resource of Japan, as well
as a highly variable one. Record catches of the pacific stock were registered during the late 80’s, but
a four-years recruitment failure coupled with excessive fishing led to severe stock depletion,
resulting in biomass levels falling one order of magnitude between 1987 and 1992. Sea surface
temperature of the Kuroshio Extension (SST) has been shown to be negatively correlated with
recruitment, with periods of high and low productivity or ‘regimes’, thus being a plausible cause for
the recruitment failure. A TAC (total allowable catch) based management was introduced in 1997 but
it has done little to reverse the depleting trend of the stock.

Many marine resources in Japan are managed according to the Allowable Biological Catch
(ABC) guidelines, which apparently are robust to uncertainty, however close examination revealed
that the simulations used could be flawed as risks are not adequately assessed and potentially
undesirable outcomes are not considered. Using a management strategy based on possibly flawed
predictions that does not consider alternative scenarios potentially contradicts the recommendations
of the FAO Precautionary Approach Guidelines which state that decision rules are required for
precautionary management measures and that the feasibility and reliability of the management
options needs to be evaluated before any management actions are implemented. Following the FAO
Precautionary Approach recommendations, | aim to evaluate the performance, potential for stock
recovering and robustness to uncertainties of different management strategies and discuss their

implications, with special attention to stock-environment dynamics.

Il Methods

| used an approach known as Management Strategy Evaluation, described as “a set of rules for



calculating annual catch limits from available stock information where the rules are determined with
the assistance of models of the dynamics of the stock”. Such models are called Operating Models
(OM), and they are used to simulate the “real” dynamics of the stock and the
assessment-management process under different assumptions and uncertainties.

I constructed an OM that incorporates several sources of uncertainty and used it to evaluate
three management strategies: constant fishing mortality (CF), a traditional non-adaptive
management strategy; Japanese ABC catch rule (ABC) an adaptive management strategy that uses a
feedback control that decreases catches under low biomass levels; and environmental based
management (EBM), based on ABC and also an adaptive management strategy using an additional
feedback control that further decreases catches if an environmental proxy (SST) crosses some certain
threshold beyond which environmental factors turn unfavorable to the stock. Depletion risk,
potential biomass and potential catch were used as performance statistics for the evaluation.
Sensitivity of the management strategies to environmental factors and time lags between assessment

and management was also explored.

Il Results

In general ABC and EBM greatly outperformed CF, showing lower risk and higher biomass and
catch levels on both long and short term evaluation. Catches were maximized at different levels at
short-term (5 years) and long-term (20 years) evaluations. ABC and EBM performed similarly under
no environmental influence but under environmental influence EBM performed notably better than
ABC, indicating that results are sensitive to environmental factors. The relative performance of the

management strategies does not seem sensitive to time lags between assessment and management.

IV Discussion

There is no single ‘best” management strategy, as some strategies perform better than others
under different scenarios and timeframes for evaluation. These tradeoffs suggest that different
management strategies may be optimal under different conditions and thus choosing the “right one”
would be a function of management objectives. For example, if minimizing risks and maximizing
the stock biomass are the prime management objectives (like in the case of a stock recovery
program), EBM should be adopted, while if maximizing short term gains (like in the case of a high

annual discount rate), ABC should be the way to go. CF should be avoided under most scenarios.



