


Edited by Anne Hollowed and Diana Stram 
Front cover image taken by Sarah La Belle 

This document should be cited as: Hollowed, A. and D. Stram* (editors). 2023.  Seventh National 
Meeting of the Scientific Coordination Subcommittee of the Council Coordination Committee.  Report of 
the Regional Fishery Management Council's National SSC Workshop. North Pacific Fishery Management 
Council, Anchorage AK.   

*corresponding author diana.stram@noaa.gov

Produced by the North Pacific Fishery Management Council under NOAA Award # NA20NMF4410003 
and #NA15NMF4410013. 





Adapting Fisheries Management 
to a Changing Ecosystem - SCS7

Participants at the SCS7 
 Sitka, Alaska 



Adapting Fisheries Management 
to a Changing Ecosystem - SCS7 5 

FOREWORD  
DR. ANNE HOLLOWED, SCS7 
CHAIR, NPFMC SSC CHAIR 
EMERITUS 
The SCS7 meeting, focused on “Adapting Fisheries Management to a 
Changing Ecosystem”, comes at a time of increased urgency for fishery 
scientists and managers to take action now and for Fishery 
Management Councils to position themselves for serious management 
challenges. We are already witnessing examples of climate-forced 
shifts in distribution and abundance; competing uses of marine 
ecosystems; and changes in ecosystem structure and function that are 
all impacting fishing sectors and communities. 

This theme for SCS7 built on recommendations of the six previous 
national meetings (Table 1). Previous meetings addressed topics that 
Scientific and Statistical Committees (SSCs) have been dealing with in 
their effort to improve scientific advice in support of sustainable 
fisheries management. We need to recognize, however, that there 
have been substantive changes since the last SCS meeting in 2018. While we certainly knew about 
climate change in 2018, for many of us in the high latitude ecosystems, impacts of climate change are 
now being felt. For all regions, there is growing recognition, supported by recent reports of the 
Intergovernmental Panel on Climate Change, that the implications will be apparent on other systems 
also, and that this issue is becoming more and more relevant for all of us. 

In the four years since the last SCS meeting, assessment methods have advanced tremendously, 
particularly in the development of ecosystem-linked assessments and climate-informed risk 
assessments. These science products are much more mature than they were four years ago, and the 
next challenge will be to see how they can be used not just to explain the past, but also how to 
understand carrying capacity, management units, and adaptation options for setting biological reference 
points into the future. Positioning the Fishery Management Councils to respond to this challenge 
requires investment in data collection, process studies, and modeling; clear and two-way 
communication among regions and with stakeholders; and creative and adaptive approaches to finding 
an equitable management pathway to deal with change. 

This SCS7 meeting has highlighted the need to start now with scenario planning for climate futures. I 
look forward to hearing about how these challenges are taken up by the Fishery Management Councils 
and at future SCS meetings 

Anne Hollowed, SSC7 Chair





Adapting Fisheries Management 
to a Changing Ecosystem - SCS7 7 

OPENING REMARKS 
Bill Tweit, NPFMC Vice Chair 

On behalf of the North Pacific Council family, I’m 
pleased to be able to finally welcome you to SCS7 in 
Sitka, for the long overdue conversation about 
adapting fisheries management to a changing 
ecosystem. I appreciate the opportunity to 
contribute from my perspective as a Council 
member. Please keep in mind that these are my 
thoughts, and are neither Council nor agency policy 
or perspective.  

Climate change is real, it is changing ecosystems 
now, and those changes bring us into a world of 
greater uncertainty. I get it. My fellow Council 
members get it, and I’m certain regional fishery 
management Council members across the nation get 
it. We are facing new challenges, challenges that 

have an intensity that we are not used to. Using my region and my Council as an example, we are 
experiencing: 

► Conflicts between the moral imperative to protect cultures and people who depend on a 
subsistence way of life and our mission to provide sustainably harvested seafood to our nation. 

► Rapid changes in distribution and population size that fall well outside of our collective 
experience, changes that cannot be incorporated in our current suite of tools that reflect 
decades of stationarity and stability in our ecosystems. 

► The very real possibility that some species in the fishery may decline permanently to levels that 
will not support robust harvest. 

► Elevated scrutiny of bycatch and of the impact that various fishing gears have on the ecosystem, 
is one aspect of increased social conflict, as that scrutiny is expressed as “us vs them”. We don’t 
appear to be coalescing to address these new challenges collectively; we appear rather to be 
fragmenting to protect our individual livelihoods. 

So, allow me to suggest what our critical needs are at this point. 

► Most Council members and stakeholders don’t have a strong understanding of the limitations of 
our current tools for decision-making in this new environment. Until we understand that, we will 
continue to rely on our current tools, as they have served us very well. 

► Our tendency to rely on the tried-and-true management tools is also based on our experience 
with litigation, a common concern across Councils. Our current tools generally are defensible; in 
that they have withstood legal challenges. There is a concern that new tools and approaches will 
become the subject of new legal challenges, and until they have been tested and proven, the 
reluctance to adopt them will continue. 

► We don’t understand very well how an ecosystem-based approach to management will help, 
although I think most of us have an intuitive understanding that it is preferable. Transitioning to 
ecosystem-based management is going to be challenging, consuming a lot of Council’s scarce 

Bill Tweit, NPFMC Council Member, gives the 
opening remarks 
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resources. With the urgency of the crises associated with climate change making that transition 
will be more challenging. 

► We aren’t conversant yet, much less proficient, with the use of tools that help us make decisions 
in the face of greatly increased uncertainty and risks, and the vocabulary of risk-based 
management is a foreign language for many of us, with its descriptions of probabilities of 
outcomes and alternative scenarios for the future. Until we have had some successes and 
failures at using new approaches for setting fishery limits, Councils will continue to struggle with 
managing fisheries in the context of rapidly changing ecosystems. 

The three topics that SCS7 is addressing are very relevant to meeting these needs, and as I think you are 
already aware, none of them are simple. 

► The choice of ecosystem indicators for use in management is a social issue as well as a scientific 
issue. In the North Pacific, as we begin to consider indicators, we are learning that the wide 
range of ecosystem services we depend on will translate directly into a wide range of ecosystem 
indicators, generating tension and sometimes conflict around the choice of indicators. 

► Similarly, the impacts of changing species interactions are felt differently by different cultures 
and fishing sectors. As we all are aware, change creates new “winners and losers'' in the 
ecosystem, including in fishing communities. We have also become aware that our historical 
time frame for understanding species interactions is often very short, less than a half century in 
many cases. In order to gain a longer-term perspective, and to gain the perspective of other 
cultures, the North Pacific Council is working to integrate the traditional ecological knowledge 
held by the indigenous peoples in our region into our management process. Accomplishing that 
in a respectful manner is a learning process, and takes time, which is difficult when the issues 
are urgent. 

► Finally, to the third topic, I would recommend that the SCS7 consider this as a problem of 
transitioning from fishery management frameworks that are built on assumptions of stationarity 
and stability to management frameworks that can support sustainable exploitation in the face of 
significantly increased uncertainty. In my remarks, I have already described some of the 
difficulties with that endeavor. As the science community tackles this, please remember that as 
much thought must be given to implementation, communication and defensibility as will be 
given to development. It does us little good to develop new management frameworks if Councils 
are uncomfortable implementing them, if stakeholders and Councils cannot understand them, 
and if they cannot be defended against the attacks that we know will ensue. 

It’s a lot to ask, but the science community in our nation’s fishery management process is the right 
group to tackle it. I am really looking forward to the SCS7 discussions; they could not be more important 
or timely.  
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In principle, environmental and climate effects 
can be accounted for in assessments by adopting 
climate-enhanced single- and multi-species stock 
assessments. However, it is generally the case 
that environmental variables provide ‘weaker’ 
information on changes in parameters than the 
standard data (e.g., age-composition, weight-at-
age) used in assessments so the major benefits of 
integration of environmental variables into stock 
assessments is to enable estimation of 
parameters before and after the years for which 
the standard data already inform these 
parameters (e.g., Lee et al., 2018). In contrast, 
effects of changes in, for example, temperature 
on population dynamics parameters, especially 
estimates of recruitment, could be substantial for 
assessments based on multi-species stock 
assessment methods such as the Climate-
Enhanced Age-based model with Temperature 
specific Trophic Linkages and Energetics 
(CEATTLE; Holsman et al., 2016) model, as 
they would change estimates of 
consumption. However, adoption of 
assessments based on frameworks such as 
CEATTLE are not without their problems, 
including that there are multiple ways to 
define Maximum Sustainable Yield (MSY) 
within multi-species models. 

Management systems, including 
harvest control rules 
The Magnuson-Stevens Act already 
recognizes that biological parameters vary 
over time by defining MSY as “the largest 
long-term catch or yield that can be taken from a 
stock or stock complex under prevailing ecological 
and environmental conditions”. Nevertheless, 
climate change will lead to a need to reconsider 
the targets and limits for biomass and fishing 
mortality, to re-evaluate the desired trade-offs 
among the management objectives, likely coupled 
with an expanded set of objectives, and to 
develop new approaches to address the 
consequences of changes in the spatial 
distributions of stocks. 

Short-term considerations: modifications 
to existing harvest control rules 
There are four general ways to address time-
variation in parameters when applying harvest 
control rules: (a) calculate reference points such 
as FMSY and BMSY based on moving averages for 
weight-at-age, selectivity-at-age, mean 
recruitment, etc., so that older (and likely less 
representative) data are given increasingly less 
weight, (b) calculate reference points based on 
averages for the “most recent regime”, (c) use the 
dynamic B0 approach (MacCall et al., 1985; 
Berger, 2019) to specify biomass reference points, 
and (d) base harvest control rules on models that 
explicitly include predictions of time-varying 
parameters based on some environmental 
covariates. However, only the first two of these 
approaches are used regularly at present, 
although the Overfishing Level for the northern 

sub-population of Pacific sardine (Sardinops 
sagax) has been based on a harvest control rule 
that relates FMSY to sea surface temperature for 
many years (e.g., Kuriyama et al., 2020) and 
Bentley et al. (2021) recently advocated a 
threshold harvest control rule in which FMSY is 
linearly related to the value of an environmental 
variable. 

Basing reference points on the current regime or 
using the dynamic B0 approach can have 
consequences that can be non-intuitive. For 
example, it was concluded from various lines of 
evidence that the average unfished recruitment, 

Essentially, what you have there is if you assume 
stationarity in the absence of stationarity, not only 
do you not get unbiased estimates, having more 
data actually makes things potentially worse. AND 
non-stationarity is going to be our future. 

Andre Punt 
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R0, for jackass morwong (Nemadactylus 
macropterus) off southeast Australia had dropped 
around 1988 (Wayte, 2013), and allowing for a 
change (reduction) in R0 in 1988 led the stock 
assessment authors to conclude that the stock 
was no longer below the limit reference point but 
rather in the ‘precautionary zone’, implying that 
fishing could continue on a stock that was 
estimated to be a very small fraction of its 
historical biomass. This led, unsurprisingly, to 
criticism from a conservation viewpoint (e.g., 
Edgar et al., 2018). Similarly, a dynamic B0 
approach can lead to increased fishing mortality if 
changes in productivity are attributed (perhaps 
incorrectly) to the environment (Bessel-Browne et 
al., 2021). Although there are guidelines when to 
‘call’ a regime shift (Klaer et al., 2013), they have 
been seldom applied and warrant review given 
what has been learnt about environmental 
impacts on populations and marine systems 
during the last decade. 

The use of multi-species and ecosystem models as 
the basis for harvest control rules appears to be a 
currently unattainable goal. However, Howell et 
al. (2021) provide an intermediate option 
whereby an ecosystem model and an ecosystem 
indicator are used to calculate the desired change 
in the single-species target fishing mortality rate, 
which is then fed into a harvest control rule 
supported by a single-species stock assessment. 
The approach of Howell et al. (2021) is pragmatic 
in the sense that the assessment on which 
management advice is based is the conventional 
single-species assessment and has all the benefits 
(and dangers) associated with a well-developed 
analytical framework, but also accounts for 
broader ecosystem considerations. 

Although it seems intuitive that allowing for 
ecosystem considerations in harvest control rules 
is desirable, doing so is not guaranteed to lead to 
improved management outcomes (Punt et al., 
2014), and such allowance needs to be explicitly 
evaluated using Management Strategy Evaluation. 
However, it does appear that it is better to allow 
for time-variation in some parameters even when 
this is not needed (as long as the parameters 
determining the effect of the associated 

environmental covariate are estimated) rather 
than ignoring time-variation in parameters when 
this is actually the case (e.g., Ianelli et al., 2011). 

Longer-term considerations: Strategic 
evaluations 
Management strategy evaluation (MSE; Punt et 
al., 2016) is considered state-of-the-art when 
conducting strategic evaluations because it is able 
to examine many uncertainties and take into 
account the feedback loop between data 
collection and assessment and the population 
dynamics. MSE involves constructing a set of 
models of the system being managed (operating 
models), parameterizing these models based on 
the data available for the system, projecting each 
operating model forward based on each of a set 
of candidate operating models and summarizing 
the results using a set of performance statistics 
chosen to capture the objectives identified by 
stakeholders and decision makers. It has been 
recognized for over twenty years that the 
operating models on which MSEs are based could 
involve time-variation in parameters (Sainsbury et 
al., 2000), including because of environmental 
and climate drivers, and be based on extended 
single-species models as well as multi-species / 
ecosystem models. Moreover, the performance 
statistics could include those related to broader 
ecosystem considerations in addition to those 
related to the target species. 

However, to date inclusion of environmental 
variables in operating models, particularly those 
based on extended single-species models, has 
been somewhat haphazard, raising the possibility 
that relationships based on spurious correlations 
could be included in operating models and hence 
drive the selection of management strategies. 
There is consequently a need to develop a formal 
scheme for doing this. One such scheme would 
be: 

► identify parameters that may be time-
varying (at least in principle); 

► identify hypotheses that have been 
postulated / speculated / tested linking 
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environmental variables to these 
parameters; 

► remove environmental variables that 
cannot be hind- and forecasted; and 

► fit the operating model to the data to 
quantify the relationships between the 
environmental covariates and the 
parameters. 

It is well known that the results of ecosystem-
based MSEs can differ markedly depending on 
which processes are included in the operating 
model as well as the structure of the operating 
model. Consequently, there is an increasing 
recognition that ecosystem-based MSEs will need 
to involve multiple alternative operating model 
structures (e.g., ranging from extended single-
species models to ecosystem models) and 
alternative climate models and scenarios. The 
ACLIM (the Alaska Climate Integrated Modeling) 
program (Hollowed et al., 2020) aims to achieve 
this goal by developing a set of models to project 
climate-driven changes for the eastern Bering Sea 
ecosystem, from physics to fishing communities. 
Ensemble modeling approaches (e.g., Reum et al., 
2020) will be used to summarize the results. The 
project will quantify climate impacts on growth 
and condition, survival and abundance, food web 
dynamics and fish and fleet distributions to make 
inferences regarding future Total Allowable 
Catches and biomass, allocation and value, 
ecosystem structure, and community well-being. 
The project is highly interdisciplinary involving 
oceanographers, fishery biologists, biological 
modelers, economists and social scientists. 

Harvest control rules of the ‘threshold’ type 
whereby the target fishing mortality is constant 
when biomass exceeds a threshold biomass level, 
zero below a biomass limit reference point and 
changes linearly between the threshold and limit 
biomass are now widely adopted to support 
decision making. However, some studies (e.g., Kell 
et al., 2005; Parma et al., 2013) suggest that 
threshold harvest control rules may perform 
poorly given changes in productivity and that 

harvest control rules based only on fishing 
mortality reference points may perform better. 
This highlights that biomass-based methods of 
status determination such as whether a stock is 
overfished or not may be more difficult to 
interpret in the face of environmentally-driven 
productivity. 

Final thoughts 
Overall, it is clear that analysts, managers and 
stakeholders should recognize that environmental 
change will impact population dynamics more in 
the future than in the past, and where possible, 
the default for developing harvest control rules 
and management plans should be the 
presumption of non-stationary dynamics. This will 
require consideration of operational mechanisms 
to allow reference points to change over time as 
well as increased uncertainty in estimates of the 
quantities on which management advice is based, 
particularly those related to medium- and long-
term forecasts, including rebuilding projections. 

The ideas outlined above will lead to more 
complex models and likely management 
frameworks. Increased training to ensure that 
agencies such as NOAA have the capacity to 
implement them is clearly a priority. Moreover, 
the new models and management frameworks 
will require enhanced (and nimble) data collection 
systems. In addition, it will be necessary to re-
imagine the frameworks used to evaluate 
alternative management systems, in particular 
those that involve multi-species / ecosystem 
assessment models and HCRs given the difficulties 
of interpreting traditional reference points in a 
non-stationary world. 

Finally, approaches such as the ACLIM program 
necessarily involve interdisciplinary work and 
there is consequently a need for much expanded 
collaboration networks, for example among 
oceanographers, biologists, modelers, 
economists, social scientists and communication 
specialists.








