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A Commentary on
 Combining Ecosystem and Single-Species Modeling to Provide Ecosystem-Based Fisheries Management Advice Within Current Management Systems
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INTRODUCTION

Although legislation mandates a holistic approach, and many countries have formally committed to Ecosystem-Based Fisheries Management (EBFM), progress toward this has been slow. There are many reasons for this, one being simple inertia; a reluctance to throw away the important management insights provided by the current focus on single species methods. This timely paper proposes an incremental approach, where single species assessments continue to be used, subject to adjustment on the basis of wider ecosystem considerations. Two case studies are presented, (a) Atlantic menhaden Brevoortia tyrannus, where quotas are adjusted downwards to ensure that there is enough food for predators, and (b) the Irish Sea, where the ICES “Pretty Good Yield” (PGY) ranges that were originally designed to allow flexibility in the operation of the mixed fishery can be re-purposed to serve as ranges for ecosystem status, with fishing being near the top of the ranges if conditions are forecast to be favorable, and near the bottom if not. The approach has the advantage of allowing ecosystem state to directly influence quota-setting, without jettisoning any of the existing machinery, and its applicability is showcased in these two case studies.

We believe this pragmatic approach is a valuable step forward. The involvement of stakeholders throughout the process in both case studies is particularly important, especially as the approach of Howell et al. (2021) focusses on biological reference points and risk, leaving the important trade-offs against socio-economic impacts (employment, security of income streams, and cultural factors—Caswell et al., 2020) to be addressed by other means. However, the approach as formulated in the second (Irish Sea) study makes three related assumptions that are unlikely to be true in practice, namely (i) that the ecosystem model [in this case Ecopath (Bentley et al., 2019), though it would apply equally to any other model] correctly determines the true status of the ecosystem, or at the very least its failure to do so is not reinforced by interaction with the single species models so it becomes material, (ii) that fishing rates are directly translatable between different models (see Spence et al., 2021 for a discussion of this), and (iii) that the pre-calculated single-species precautionary limits remain valid; that there is an equivalence of precautionarity throughout the pre-determined PGY ranges, whereas in reality this is not the case because the ranges are estimated on the basis of single species assessments, whereas the community response is inherently multispecies (Thorpe et al., 2017; Thorpe and De Oliveira, 2019). Whilst the first two assumptions also apply in the case of Atlantic menhaden, the less complex nature of the fishery may reduce the risk of mismanagement due to incorrect attribution of state or inconsistent specification of fishing rates.

As a consequence of the above three assumptions when using PGY ranges, we may fail to correctly characterize the state of the ecosystem, manage to the wrong state though the use of incommensurate fishing rates between models even if we have identified the right state, or underestimate risks even if we have identified the right state and we are lucky enough that the fishing rates happen to be transferrable between the models in practice. Therefore, we propose one additional facet for the process, whereby model-data discrepancies for the models are calculated (Kennedy and O'Hagan, 2001; Spence et al., 2018), to enable a consistent description of state across models. Evaluation of alternative places in the PGY yield space can also be carried out as per the discussion to ensure that risks remain acceptable across the community (Table 1).


Table 1. Incorporating ecosystem considerations into the advisory process.
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DISCUSSION

For the Irish Sea study, outcomes were recommendations for target Fs within the PGY ranges that have been adopted for many EU managed stocks. ICES provides precautionary FMSY ranges (FMSYupper and FMSYlower) that are derived to deliver no more than a 5% reduction in long-term yield compared with MSY for selected stocks (Hilborn, 2010; ICES, 2016; Rindorf et al., 2017). Using the identified indicator for each stock, the Ftarget value was scaled linearly within the range (FMSYlower, FMSYupper) according to the current value of the indicator within the historical range during the model tuning period. For example, if the indicator identified for a particular stock was 80% of the way to the most favorable value observed over the model period, then Ftarget was adjusted to 80% of the way to the higher FMSYupper value. However, these ranges are independently constructed from single-species perspective, and it seems reasonable to suppose that fishing all stocks at the bottom of their ranges will have quite a different risk profile from fishing all of them at the top of their ranges, or fishing forage fish at the top of their ranges and their predators at the bottom. Thorpe et al. (2017) investigated this issue for a 21-stock North Sea fish community. By using a Nash Equilibrium (Farcas and Rossberg, 2016; Norrstrom et al., 2017) to define multispecies MSY, they were able to construct analogous “pretty good yield” ranges for all stocks simultaneously, and show that the risk/reward profile was quite different across this space (their Figures 4, 6). Risk reward ratios could vary by almost a factor of 3 (their Table 2) whilst the sum of individually precautionary Fs was not always precautionary. Whilst these scenarios assumed a constant environment, and Howell et al. (2021) only propose fishing near the top of ranges if ecosystem indicators are favorable, the risks increase so markedly through the ranges that it seems prudent to carry out a further check of the combined effect of the tweaked rates on outcomes (a) within the ecosystem model, and (b) sensitivity studies using the single species assessments bounded by different estimates of natural mortality based on the response of the ecosystem model. An alternative would be the pro-active implementation of harvest control rules through management strategy evaluation, which has been shown to significantly reduce risks (see Thorpe and De Oliveira, 2019). This additional step, alongside consideration of model-data discrepancies will increase the robustness of the novel fusion of single species and multispecies that Howell et al. (2021) propose, and enhance its considerable utility to management.
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