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I get to think about fish… 

"Water" by Giuseppe Arcimboldo (1527–1593). Kunsthistorisches Museum, Vienna. 
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Effective resource management—our goal 



"Water" by Giuseppe Arcimboldo (1527–1593). Kunsthistorisches Museum, Vienna. 
 

Science in  
support of  
MSEs 



“Assessment  
questions for  
management” 



How many? 









Review… 
How many? 
 
How productive? 
 
What status (trend)? 
 
How bad are the assumptions? 



What are the 
side effects? 



Management strategy evaluation 
Forces declaration of  
strategic goals 
 
 
 
 

Finds tactical,  
transparent methods 



a 

Source: CSIRO, Australia 



An MSE framework 
• Key elements (Smith 1994) 



Multiple objectives 
•  For the US, any and all of the National Standard 

guidelines… 



Explicit characterization of uncertainty 



Uncertainty  in resource management 



Involving stakeholders 
•  Iteration required to refine scientific questions 



Evaluating trade-offs 
• Refined performance indicators 
• Not about optimality (in any single factor) 



Key MSE elements  
• Multiple objectives 

•  Catch lots of fish for a long time… 

• Uncertainty characterization 
•  Looked at 30-year stochastic projection at current catches 

(ignore future data—poor determination of risk) 

• Stakeholder involvement 
•  Proposed control rule and data collection system that only appears in a 

scientific journal 

•  Trade-offs 
•  Near term catches versus long term expectation… 



Basic MSE Layout 

ton et al. 2004; for an evaluation of ecosystem

indicators). Marasco et al. (2007) also emphasize

the need to continue to monitor the system follow-

ing the implementation of a management strategy.

Consistent with practice in, for example, the IWC

and South Africa (Butterworth 2007; Punt and

Donovan 2007), they stress the need to review

and revise the MSE periodically, as consolidated

outcomes from future monitoring and research

become available.

Overview of the case-studies

Bering–Chukchi–Beaufort Seas bowhead whales

Bowhead whales in the Bering, Chukchi and Beau-

fort Seas are considered to be a single stock, sepa-

rate from the stocks in the Okhotsk Sea, the Davis

Strait and Hudson Bay, and off Spitsbergen. This

stock, often referred to as the Bering–Chukchi–
Beaufort (or BCB) Seas stock of bowhead whales,

has been subject to hunting by aboriginal peoples

off Alaska (USA) and Russia for centuries. In com-

mon with other stocks of bowhead whales, it was

severely depleted by commercial whaling, which

occurred between 1848 and 1914 in the case of

the BCB stock. Commercial whaling on the BCB

bowhead stock ceased once whaling there became

economically non-viable, but aboriginal whaling

continues at low levels.

Management of bowhead whales is challenging

because individuals can live beyond 100 years

(George et al. 1999). In addition, the location of

the population and the fishery makes monitoring

difficult (it involves ice platform sighting surveys

of bowhead whales as they migrate through leads

which open as the ice thaws). The aboriginal hunt

of bowhead whales off Alaska and Russia is man-

aged under the IWC. Management for aboriginal

whaling is based on strike limits, which are the

number of strikes of whales permitted within a

season. Management advice is based on the num-

ber of strikes rather than numbers of whales

landed because of the need to account for mortal-

ity when animals are struck but subsequently not

landed (‘lost’).

Each country wishing to take whales for aborig-

inal subsistence purposes must provide the IWC

with a ‘Need Statement’ which documents the

number of annual strikes needed to satisfy the

requirements of aboriginal peoples in terms of

nutrition and culture. Management advice in the

context of the BCB bowhead whales relates to

whether the need requested can be satisfied with-

out impacting the ability to achieve conservation-

related management goals; this contrasts with

commercial whaling, where the aim is to maxi-

mize the catch subject to the same constraint. The

development of a management strategy for aborig-

inal subsistence whaling, and in particular for the

BCB bowhead whales, commenced in 1995 after a

management strategy for commercial whaling was

adopted in 1994 (IWC 1994). A ‘Strike Limit

Algorithm’ (SLA) was later adopted as the man-

agement strategy for the BCB bowhead whales in

2003 (IWC 2003). Prior to the use of the SLA,

evaluation of whether the need requested was con-

sistent with the IWC’s conservation-related objec-

tive involved comparing the proposed need in

terms of strikes with an estimate of a lower per-

centile (usually the lower 5th percentile) of a dis-

tribution for the replacement yield (the number of

animals removed from the population each year

which will keep the population at its current level;

Givens et al. 1995).

The development of the SLA involved the IWC

identifying management objectives for aboriginal

subsistence whaling, obtaining a ‘need envelope’

from hunters and their scientific representatives

(the range of possible maximum need levels by

year over the next 100 years), developing operat-

ing models tailored to the dynamics of the BCB

bowhead whale population, and simulating the

application of candidate SLAs (equivalent to man-

agement strategies). The operating models for the

BCB bowheads were case-specific, rather than gen-

eric as was the case for commercial whaling,

Operating model

Biological and 
fishery model

Data 
generation

Management strategy

Harvest control 
rule

Estimation
method

Management
regulations

Monitoring
data

Performance statistics Agree and specify the
Conceptual objectives

Implementation 
model

Figure 1 Conceptual overview of the management

strategy evaluation modelling process.
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MSE Challenges 
 
 
Fulton, E.A., Smith, A.D.M., Smith, D.C. and van Putten, 

I.E. (2011a) Human behavior: the key source of 
uncertainty in fisheries management. Fish and Fisheries 
12, 2–17. 



What do performance indicators look like? 

management strategies on a single plot (contrast

Figs 4 and 5 in this regard).

Perhaps most importantly, graphical approaches

to summarizing performance statistics should be

selected in collaboration with the decision-makers

who need to understand and use them. For exam-

ple, the axes in Fig. 5 were defined to report on

the major areas of concern for stakeholders. 34

performance measures were identified by fishers,

processors and local community, as well as given

legislated fisheries and conservation objectives to

across social, economic and ecological aspects

(Fulton et al. 2014). For transparency, all of these

measures were reported on, but it was not until

the outcomes were aggregated and summarized

around the major topic areas (using Fig 5 and

other similar plots) that the relative performance

and trade-offs between the objectives were clear.

The axes represent natural groupings of the per-

formance measures, but also highlight key con-

cerns of the various stakeholders. Note that the

industry and management efficiency axes used

inverted performance scores, so that a larger score

reflected better performance for all axes.

A key step in selecting a management strategy

is dealing with the fact that not all of the trials

reflect equally plausible hypotheses. This is par-

tially addressed by assigning some trials to a refer-

ence set and the remaining trials to a robustness

set (see above). However, other approaches are

possible. For example, the IWC has adopted a set

of guidelines for interpreting the results of trials to

evaluate management strategies for commercial

whaling. Specifically, trials are assigned to one of

three categories (‘high plausibility’, ‘medium plau-

sibility’ or ‘low plausibility’) by the Scientific Com-

mittee of the IWC (2012a). The required

conservation performance of acceptable manage-

ment strategies, expressed in terms of the values

for performance statistics, is pre-specified for each
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Figure 4 Biological, economic and ecosystem performance measures for a variety of management strategies for

Australia’s Northern Prawn Fishery (reproduced from Dichmont et al. 2008). The symbols indicate distribution

medians, and the bars cover 95% of the simulation distributions. The performance statistics relate to spawning biomass

relative to that at which MSY and maximum economic yield are achieved for four species (first two columns) and profit

and its variability (third column). The right-most column shows the total effort in 2014, the proportion of grids fished

for more than 1 day in 2014, the total benthic biomass relative to unfished levels, and the biomass of gastropods in

2014 relative to unfished levels. The management strategies differ in terms of the target biomass, the extent of

precaution, and whether assessments for only two of the species form the basis for changes to effort limits.
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category, which essentially (though not entirely –
see IWC 2012a, for details) automates the process

of selecting a ‘best’ management strategy. The

assignment of plausibility for a trial is based on

assigning a plausibility ranking to the level for

each factor on which the trial is based (‘high’,

‘medium’, ‘low’ or ‘no agreement’), with levels for

which there is no agreement being treated as

‘medium’. The ranking of a trial reflects the lowest

rank assigned to each level of the factors on which

it is based (thus to be categorized as a ‘high’ plau-

sibility trial, the levels of all the factors included in

the trial need to be considered to be of ‘high’ plau-

sibility). Any trials considered to be ‘low’ plausibil-

ity are assigned a ‘low’ rank and ignored. This

approach has been applied to select management

strategies for the western North Pacific minke

whales (IWC 2014), the western North Pacific

Bryde’s whales (IWC 2010) and the North Atlan-

tic fin whales (IWC 2009).

In an effort to provide an improvement to sim-

ply selecting plausibility ranks based on expert

judgement, Butterworth et al. (1996) proposed

four sets of criteria with which plausibility ranks

might be assessed:

1. how strong is the basis for the hypothesis in

the data for the species or region under con-

sideration?

2. how strong is the basis for the hypothesis in

the data for a similar species or another region?

3. how strong is the basis for the hypothesis for

any species? and

4. how strong or appropriate is the theoretical

basis for the hypothesis?

Although this approach was presented to the

Scientific Committee of the IWC, it was never

adopted, and in general weights are almost always

assigned based on expert judgement.

An alternative approach to addressing plausibil-

ity in selecting a management strategy is to assign

weights to each trial and to compute integrated

values for the performance statistics. However, this

involves selection of quantitative weights upon

which it is likely to be even more difficult to reach

agreement than on assigning trials to categories of

plausibility. Moreover, integrated performance sta-

tistics may obscure low plausibility trials for which

performance is very poor (Rademeyer et al. 2007).

Those authors also comment that stakeholders

may benefit from being shown results of individual

catch and population trajectories, as these tend to

give a better impression of variation than statistics

such as CVs and variances, which may be difficult

for some stakeholders to understand.

Assignment of quantitative weights for plausibil-

ity becomes necessary if decision-makers wish to

draw conclusions based on some percentile of the

distribution of a performance statistic and the MSE

is being conducted over a reference set of operat-

ing models. This was the case in the CCSBT,

Figure 5 Example of plots which qualitatively compare four management strategies across six general areas of mean

performance for a large multisector, multispecies fishery in southeastern Australia (E. Fulton, CSIRO, personal

communication). A better result for a performance statistic is indicated by a vertex which is further from the centre of

each hexagon.
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Scoring over alternatives 



Evaluating  
harvest  
strategy 
… 
under  
climate  
change 
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Setting catch limits… 
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Catch management 

Catch < TAC < ABC < OFL 

 

OFL ~ Catch at FMSY 



Policy testing under climate change 

Ianelli et al. (2011). Evaluating management strategies for eastern Bering Sea walleye pollock 
(Theragra chalcogramma) in a changing environment. ICES Journal of Marine Science, 68(6), 
1297–1304.  



Weaknesses:  
•  Narrow focus on pollock 

•  But control rules based on implicit ecosystem issues  
(e.g., Steller sea lion measures) 

•  Ignores future data collections and assessments  
(affects uncertainty characterization) 

•  Little traction at the Council level (stakeholder involvement low) 

 
Strengths 

•  Illustrates trade-offs at a strategic level that current HCR components 
may require adjusting 

 

Policy testing under climate change 

Ianelli et al. (2011). Evaluating management strategies for eastern Bering Sea walleye pollock 
(Theragra chalcogramma) in a changing environment. ICES Journal of Marine Science, 68(6), 
1297–1304.  



Chinook salmon bycatch in the pollock fishery… 

Is an EA/RIR an MSE??? 



0 

250,000 

500,000 

750,000 

0 

45,000 

90,000 

135,000 

19
90

 

19
92

 

19
94

 

19
96

 

19
98

 

20
00

 

20
02

 

20
04

 

20
06

 

20
08

 

20
10

 

20
12

 

20
14

 

C
hu

m
  

C
hi

no
ok

 

Year 

Chinook bycatch (numbers) Chum 

122,000 Chinook 
 (2007)  

700,000 Chum 
 (2005)  

The issue—bycatch in the pollock fishery 



Risk assessment 
and management is 
hard… 



Alternatives under consideration in 2015 

Three broad measures: 
1.  Combined chum and Chinook program 
2.  Changes to incentive plan requirements 
3.  Lower bycatch caps in years of low Chinook abundance 



Weaknesses 
•  Characterization of uncertainty 

•  Extensive data employed, but behavioral aspect far too complex to 
model reasonably (Used an empirical approach—i.e., “what if” 
alternative management measures had been in place… 

 
Strengths 

•  Many objectives considered 
•  Stakeholders very involved (outreach, long process of many meetings) 
•  Trade offs explicit in NEPA 

Chinook salmon EA/RIR (FMP Amend. 110) 



Stock/Single 
Species 

Ecosystem Aggregate 
Biomass 

SS models 

Gadids 

Flatfish 
Pelagics 

Courtesy Sarah Gaichas et al. NEFSC 

SS assessments 
with add-ons: 
explicit M2 or 

habitat or climate 
considerations 

Multi-species 
assessments 

Functional 
group models Whole system 

models 

A spectrum of tools, a spectrum of uses 

Integrated 
ecosystem 

assessments 

Multi-species 



MSE developments within NOAA/NMFS 
• One New FTE specializing in MSEs at each center 

•  Ecosystem-based management (EBM) and social science 
experience in fisheries management context desired 


