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a  b  s  t  r  a  c  t

A  difficult  question  often  confronting  fisheries  assessment  scientists  and  managers  is whether  or  not
to  accept  that  a shift  in stock  productivity  has  occurred.  This  is  particularly  the  case  when  a  stock  has
remained  at  historically  low  biomass  despite  management  intervention  and  when  there  is  an expectation
that  there  should  have  been  a stock  recovery.  We  outline  a weight-of-evidence  approach  that  provides  a
structured means  to evaluate  this  question.  The  approach,  which  scores  a range  of attributes,  was  applied
to  five  fisheries  from  the NW  Atlantic  and  SE  Australia,  chosen  to provide  a  range  of supporting  evidence,
as  well  as different  potential  causal  mechanisms  for  a productivity  shift.  Given  the  resulting  scores  for  the
example  stocks,  and  whether  a  productivity  shift  has  been  accepted  for  those  stocks,  a  score  of between
7  and  12  indicated  a level  required  for  acceptance  of  a  productivity  shift.  The  approach  has  highlighted
areas  of  future  research  that  would  improve  individual  species  scores.  It is hoped  that  the paper  will
encourage  a more  systematic  examination  of potential  stock  productivity  shifts  in  assessments  than  has
hereto been  the  case.

Crown Copyright  © 2015  Published  by Elsevier  B.V.  All  rights  reserved.

1. Introduction

A question often confronting fisheries assessment scientists
and managers is whether or not a shift in stock productivity has
occurred. This is particularly the case when a stock has remained
at historically low biomass despite management intervention and
when there is an expectation that there should have been a stock
recovery.

For the purposes of this paper, a productivity shift is defined as
a change over time in the biological characteristics of a fish stock
that would lead to a change in biological reference points (such
as maximum sustainable yield). In estimating biological reference
points, it is often assumed that natural mortality, length-at-age,
length–weight relationship, maturity-at-age/-length and the rela-
tionship of recruitment to spawning stock biomass are constant
through time. A substantial temporal change in any of these fac-
tors would cause what we call a productivity or regime shift
in the stock. Our focus is thus how best to interpret potential
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productivity shifts from a stock assessment and management
advice viewpoint.

The decision on whether or not there has been a change in
stock productivity is a difficult one. Accepting that there has been a
shift in productivity moves the cause of the (usually) low biomass
away from fishing to an external cause such as unfavourable envi-
ronmental conditions. The responsibility for low stock status is
thus removed from fisheries management as the cause is out of
management control, and management is therefore “off the hook”.
On the other hand, if the stock biomass is low and productivity
has not changed, there can be severe consequences for the future
yield prospects of the resource – possible fishery closure or severe
restriction of fishery effort.

Because of the potentially significant effect on biological ref-
erence points, a productivity shift might be described as an
“extraordinary claim” and, as Sagan (1980) put it, “extraordinary
claims require extraordinary evidence.” Unfortunately, in our expe-
rience, decisions on whether or not there has been a productivity
shift that should be taken into account in a stock assessment are
often not based upon a systematic review of the available evidence
but rather on expert opinion, which can be influenced by precon-
ceptions. We  contend that as acceptance of a productivity shift can
have a very a profound influence on stock status and management
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responsibility, an evidence-based approach is required to justify
such acceptance.

A weight-of-evidence approach allows qualitative and semi-
quantitative rating and assessment of the available scientific
evidence in relation to some causal hypothesis or hypotheses
(Krimsky, 2005). Importantly, hypotheses are articulated prior to
the evaluation and then the evidence for – and against – each is
evaluated. Note that this is similar to the Information–Theoretic
approach used in quantitative model selection (Burnham and
Anderson, 1998). Indeed, statistical model fitting involves the selec-
tion of the hypothesized processes which maximize the probability
that the selected model gave rise to the observed data. However, in
many assessments (if not most), models have not been developed
that allow full quantitative exploration of the evidence for com-
peting hypotheses. The default position has been that processes
not included in a model are not considered. We  suggest that it is
prudent and necessary to evaluate support for competing hypothe-
ses using a qualitative approach until such time as models can be
developed to do so.

2. Methods

A weight-of-evidence approach can be used to decide whether
a species has undergone a productivity shift that needs to be taken
into account in a stock assessment. An advantage of the approach
is that it provides an objective basis for what would otherwise be
a subjective decision. A disadvantage is that the actual mechanism
used to assign weightings to components and arrive at a decision
may not be transparent (Krimsky, 2005). It is therefore important
to test the proposed process(es) against verifiable examples.

We  developed four criteria that we believe should be used to
decide if there has been a productivity shift in a stock or population.
These criteria are described below. Judgement using a weight-of-
evidence approach is facilitated by assignment of a numerical score
against each criterion.

2.1. Criteria for judgement of productivity shift

2.1.1. Criterion 1. Observed change in a productivity indicator
A productivity indicator is an observation over time of change

in some measure of the stock that potentially provides evidence
for a change in productivity regardless of the level of fishing pres-
sure. Such indicators may  include recruitment estimates from egg,
larval or young-of-the-year surveys, biomass estimates from fish-
ery catch rates (CPUE) or fishery-independent surveys, or evidence
of changing natural mortality from multi-species diet studies or
observed fish kills.

A long period of change in an indicator such as available biomass
despite management intervention, is usually the cause for first
consideration of a productivity shift. Some fish stocks show more
obvious signs of a productivity shift than others, so the degree of
change in the relative level of the indicator should also be consid-
ered in the overall weight of evidence. Fish stocks often only receive
attention when the observed shift is to an apparent state of lower
productivity. Of course, the opposite is also possible and should also
receive critical evaluation.

A long period is probably best interpreted from a stock man-
agement perspective. This would be a period of sufficient length
for evidence of a disconnection between management expectations
and the response of the fish stock. Often this would be related to the
average generation time or maximum age of a species. For exam-
ple, a high score would be given if fishing pressure was reduced
to negligible levels on a stock for a period of multiple generations,
but no increase in biomass has been observed with a high degree
of precision (e.g. through intensive fishery independent surveys).

2.1.2. Criterion 2. Understanding of assessment model input data
This criterion applies to the quality of the observations on

which a stock assessment model is based. Fundamental biological
characteristics such as age-/length-at-maturity, the length–weight
relationship, differences in growth/reproduction by sex are nor-
mally gained via targeted biological studies. Uncertainty in such
information should be considered under this criterion.

In addition, for many stocks, there is uncertainty about spa-
tial stock boundaries that affects many observation uncertainties.
Catch history may  also be uncertain due to lack of records, estima-
tion of total catch based on discard mortality rates, or difficulty
in separating similar species in commercial landings. Similarly,
abundance indices may  be noisy due to low sampling levels, show
inconsistent trends, or are possibly biased if survey methodology
has changed or sampling has occurred at the margins of the spa-
tial or depth distribution of the stock. Similar sources of error also
apply to sampling of age or length composition.

Low scores of this criterion apply when there is substantial
uncertainty in the biology, total fishery catch, recent levels of fish-
ing mortality, whether abundance indices are likely to be good
indicators of true population abundance, or whether age/size samp-
ling has been representative of the population.

If it is not possible to resolve such uncertainties, the score can
be increased through the development of plausible ranges of alter-
native assessment inputs, at least for model sensitivity testing.

2.1.3. Criterion 3. Understanding of assessment model structural
assumptions

This criterion applies to the extent it can be determined that
an apparent time-varying shift in productivity is not a product of
the structural assumptions of the assessment model. It is impor-
tant to determine whether an apparent change in a parameter
through time reflects an actual shift rather than the application of
an inappropriate average relationship. For example, an inappropri-
ate relationship might occur if recruitment is assumed to remain
constant at all biomass levels when a model fit to data indicates
a recruitment pattern better characterised by a Beverton and Holt
(1956) stock–recruitment relationship. In a less extreme case, the
model may  assume a certain fixed value for Beverton and Holt
steepness that results in apparent time-shifts in average recruit-
ment residuals, which can be corrected using a different steepness
value.

Not accounting for substantial shifts in fishery selectivity (e.g.
dome shaped to logistic) over time may  contribute to a perception
of productivity shift, and should be closely examined if this is a
possibility. Conversely, the introduction of a substantial selectiv-
ity change to an assessment model requires close scrutiny of the
supporting evidence.

The lowest score level should result from the simple display by
the model of an apparent change in the average of an important pro-
ductivity parameter over a period of time. A higher score applies if
the addition of time variation in a parameter is justified statistically
(e.g. via Akaike information criterion or removal of a retrospec-
tive pattern), if alternative model structures that do not require
time variation were considered and excluded, and if other possi-
ble sources of productivity change were also investigated. A more
complete list of possible time-varying productivity parameters for
a single species population model would include recruitment, fish-
ery selectivity, natural mortality, growth, age/length at maturity,
and fecundity.

Currently, most integrated assessment models routinely only
allow for annual variation in recruitment, so this parameter is
most often identified in stock assessments as potentially show-
ing long periods of average change. As key population parameters
are usually confounded, appropriate data are required to allow the
assessment model to separately estimate time trends in several
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