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Management Strategy Evaluation (MSE) involves evaluating and modifying harvest control rules 
(HCRs) to adjust management responses in such a way as to meet pre-specified objectives (which 
may include ecological, economic, social and/or broader ecosystem objectives). This is 
particularly challenging when considering changing environments and hence changing maximum 
sustainable yield (MSY) in marine systems. In this talk I provide a number of examples of 
approaches that have been used to design and implement MSEs to deal with these challenges, 
under the following categories: (a) highly variable stocks – examples from forage fisheries, the 
Torres Strait tropical rock lobster fishery, prawn, and bêche de mer fisheries; (b) impacts and 
approaches for dealing with changing climate; and (c) ecosystem and socio-economic interactions 
altering sustainable yield reference levels.  
 
The dynamics of highly variable stocks are often driven strongly by environmental influences, 
driving fluctuations in recruitment (eg inter-annual variations due to changing ocean circulation 
and conditions), stock survival, growth and productivity (which lead to changes in the carrying 
capacity that in turn influence MSY) or both. However there are very few examples of stocks 
where the underlying causative mechanisms are sufficiently well understood to enable reliable 
prediction of short- to medium-term population fluctuations, and hence associated recommended 
catch controls. Fisheries-independent recruitment surveys conducted prior to the fishing season for 
such highly variable stocks can provide reliable estimates of the strength of a recruiting year class. 
If these data are input to a stock assessment model to inform on the setting of a catch limit or other 
control measures, there can be an unacceptably long delay in providing management advice given 
the time needed to update and review an assessment. This is particularly problematic because the 
most reliable pre-season survey information is often obtained as close to the start of the fishing 
season as possible. An alternative approach is to use pre-tested Harvest Control Rules that use the 
survey information directly as an input such that management advice can be obtained rapidly and 
in a transparent fashion. An example is provided of an empirical harvest control rule that uses 
survey inputs together with other data as part of a balanced portfolio that accounts for short-term 
inter-annual variability as well as medium-term trends. To fully capitalize on boom fishery years 
that cannot readily be predicted in advance, highly adaptive approaches such as the operational 
management procedure (OMP) for the South African sardine and anchovy, utilise in-season 
adjustments based on mid-season survey information. In this case increases in the TAC can be 
rapidly implemented mid-season whereas decreases are capped (de Moor et al. 2011). 
 
These empirical approaches typically require extensive stakeholder engagement to ensure buy-in 
to the approach, as well as ensure that the final choice of HCR satisfies all of the major stakeholder 
objectives for the fishery. Moreover, the HCR needs to be tested to ensure it is robust to a range 
of uncertainties, and stakeholders can also inform choice of a range of robustness tests that should 
be conducted before a rule is adopted. Examples are provided of use of reference sets of alternative 
operating models to bound uncertainty, including to changing environmental drivers, as well as 
inclusion of implementation uncertainty. For many of these stocks, the carrying capacity, B0, may 
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not be static, and hence it is preferable to use a dynamic B0 approach to evaluate the performance 
of alternative candidate HCRs, as well as in setting targets (target reference point) for which 
management should aim. For example, the performance of HCRs is often evaluated relative to the 
comparable no-fishing biomass level or distribution (Fig. 1) at the end of the projection period 
(using the same random number sequence), or relative to a dynamic B0 that accounts for regime 
shifts or other climate change that is known to be occurring. On the other hand, straightforward 
implementation of limit reference points can also be problematic for highly variable stocks which 
may naturally fluctuate to low levels periodically without the need to trigger the same level of 
precaution as for more stable stocks. An example is provided of a set of HCRs whereby a warning 
system triggers actions but not immediate closure unless the decline persists into the second year.  
 
Given the challenges of reliably establishing environmental correlations, the Pacific sardine 
fishery is one of the few fisheries to explicitly include an environmental correlate in a control rule. 
It is generally considered more pragmatic than simply using a stock assessment model with an 
environmental correlate, to include potential environmental variables in HCRs and/or pre-test the 
robustness of candidate HCRs to potential future variability and non-static system dynamics. An 
example is provided of a prawn harvest strategy currently being reviewed to account for predicted 
system responses under extreme negative environmental scenarios. Harvest Control Rules can 
include environmental, economic and ecosystem considerations. Importantly, performance 
depends on life history characteristics – for example, the frequency of changes in recruitment 
patterns of different forage species yields different results (Siple et al. In review). MSE can be 
used to understand and visualise trade-offs across a broad range of scenarios. 
  
For stocks with unknown or non-static MSY, MSE can also be used to simulation test approaches 
that reduce risk whilst optimising economic gains, even given considerable uncertainty around 
stock status (Fig. 2). For example, MSE testing showed a Rotational Zone Strategy (RZS) applied 
to sea cucumbers in a multispecies fishery on Australia’s Great Barrier Reef significantly reduces 
the risk of overall and localized species depletion in the fishery. MSE testing has provided 
examples showing it is possible to distinguish between the performances of alternative strategies 
even when including considerable uncertainty in population dynamics.  
 
Changing environments amplify the uncertainties in prediction and hence more conservative rules 
may be needed to achieve the same overall risk performance compared with a less uncertain 
scenario. The risk-cost-catch frontier refers to the trade-offs between managing a fishery in a 
biologically and economically optimal way whilst minimising management costs. MSE testing is 
being used in a number of examples to inform establishment of tier systems that achieves risk 
equivalency by penalising quota if there are few data or awarding a bonus if there are more data 
or monitoring. 
 
Under a changing climate, there is a need to pre-test harvest strategies to ensure they are climate-
smart: robust and sufficiently adaptable to respond adequately and appropriately to future 
predicted environmental changes and shocks that may impact the system. They also need to 
account for multiple objectives and complexities, such as sustainable catches whilst ensuring 
maintenance of system resilience. An example is provided of using a reference set that integrates 
across both biological uncertainty and uncertainty regarding potential climate change influences. 
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Spatial management approaches based on adaptive feedback performed best overall in the example 
presented.  
 
MSE testing that included broader socio-cultural considerations showed that it is possible to use 
both qualitative and quantitative social information, and that trade-offs between social and 
economic considerations can be complex. Moreover drivers for fishing can be non-static also, and 
MSE can be used to evaluate sensitivity of results to changing drivers of participation and 
economic value of a fishery (Fig. 3). Brief mention is made of ongoing work to incorporate 
dynamic feedbacks in social-ecological models that take into account hard-to-quantify aspects 
such as the combination of characteristics or activities that make a place or activity special - Sense 
of Place Index (SOPI). A stretch objective is to account in MSE testing for the sometimes 
influential role of non-static social and psychological drivers of changes in participation in a 
fishery, in turn influencing fishing effort. 
 
In summary, some of the approaches used under (a) highly variable stocks - include designing 
highly adaptive empirical HCRs, allowing within season adjustments, simulation testing the 
robustness of HCRs across a broad range of plausible scenarios to bound the uncertainty, 
simulation testing less conventional management strategies such as spatial rotation strategies, 
using tiered approaches, and aligning choice of HCRs with life history and recruitment 
characteristics. A range of strategies are being used as part of (b) dealing with climate change - 
principally to road-test climate-smart adaptation options and some examples are presented. Finally, 
less work has been done to inform (c) ecosystem and socio-economic interactions - but HCRs 
should ideally take into account broader ecosystem targets and changes, as well as changes due to 
socio-cultural drivers, and this aspect is briefly discussed.  
 

 

 
 

Fig. 1. Example of the use of MSE to simulation test the projected impact of the South African sardine fishery under 
interim OMP-13 on a declining penguin colony (median projected penguin numbers shown with 80% probability 
intervals), compared with a no-fishing control scenario and under two alternative plausible future sardine spatial 
distribution scenarios. The approach highlights that the additional mortality due to fishing is small compared with 
the role of the changing environment impacting the penguins. Source: (Robinson et al. 2015) 
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Fig. 2. Trade-off relationship obtained from a MSE applied to a multispecies bêche de mer fishery, showing median 
risk performance (defined as probability of biomass being reduced below 40%  of the comparable no-fishing 
scenario) (+ 1 standard deviation encompassing variation across nine species) and total revenue (million USD) for 
Rotational Zone Strategies with different cycle times (year) as  indicated on the symbols. MSE testing permitted 
distinguishing between alternative harvest strategy options even given uncertainty in the biology and non-static 
MSY (Source: (Plagányi et al. 2015) 
 

 
 
Fig. 3. Schematic framework showing how complexity (such as climate drivers, multispecies trophic interactions 
and socio-economic drivers), can be added to an operating model used to test and compare the performance of 
alternative harvest control rules and adaptation options for a fishery under non-static conditions. Source: (Plagányi 
2016)   
 
 
 
References 
 
de Moor CL, Butterworth DS, De Oliveira JAA (2011) Is the management procedure approach equipped 

to handle short-lived pelagic species with their boom and bust dynamics? The case of the South 
African fishery for sardine and anchovy. Ices J Mar Sci 68:2075-2085 

SYSTEM MODEL
e.g. MICE, Atlantis, EwE

climate drivers
e.g. data inputs or 
biophysical models

supply chain connecting 
products to consumers

ADAPTATION OPTION

adaptive feedback

stakeholder reviewadjust

Socio-economic data

Species sensitivity 
analyses



5 
 

Plagányi ÉE (2016) Using simulation evaluation to account for ecosystem considerations in fisheries 
management. Management Science in Fisheries: An Introduction to Simulation-based 
Methods:298 

Plagányi ÉE, Skewes T, Murphy N, Pascual R, Fischer M (2015) Crop rotations in the sea: Increasing 
returns and reducing risk of collapse in sea cucumber fisheries. Proceedings of the National 
Academy of Sciences 112:6760-6765 

Robinson WML, Butterworth DS, Plagányi ÉE (2015) Quantifying the projected impact of the South 
African sardine fishery on the Robben Island penguin colony. Ices J Mar Sci 72:1822-1833 

Siple MC, Essington TE, Plaganyi E (In review) Forage fish management requires a tailored approach to 
balance tradeoffs.  

 


