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a  b  s  t  r  a  c  t

Stock  assessments  provide  scientific  advice  in  support  of  fisheries  decision  making.  Ideally,  assessments
involve  fitting  population  dynamics  models  to  fishery  and  monitoring  data  to provide  estimates  of  time-
trajectories  of  biomass  and  fishing  mortality  in  absolute  terms  and  relative  to  biological  reference  points
such as  BMSY and  FMSY, along  with  measures  of  uncertainty.  Some  stock  assessments  are conducted  using
software  developed  for  a specific  stock  or group  of stocks.  However,  increasingly,  stock  assessments  are
being  conducted  using  packages  developed  for application  to several  taxa and  across  multiple  regions.
We  review  the  range  of packages  used  to conduct  assessments  of  fish  and invertebrate  stocks  in  the
United  States  because  these  assessments  tend to have  common  goals,  and need  to provide  similar  outputs
for decision  making.  Sixteen  packages  are  considered,  five  based  on  surplus  production  models,  one
based  on  a delay-difference  model,  and  the remainder  based  on  age-structured  models.  Most of  the
packages  are  freely  available  for  use  by  analysts  in  the  US and  around  the  world,  have  been  evaluated
using  simulations,  and  can  form  the  basis  for  forecasts.  The  packages  differ  in their  ease  of  use  and  the
types  of  data  inputs  they  can  use.  This  paper  highlights  the  benefits  of  stock  assessment  packages  in
terms  of allowing  analysts  to explore  many  assessment  configurations  and  facilitating  the  peer-review
of  assessments.  It also  highlights  the  disadvantages  associated  with  the  use  of  packages  for  conducting
assessments.  Packages  with  the  most  options  and  greatest  flexibility  are  the most  difficult  to  use, and  see
the greatest  development  of  auxiliary  tools  to facilitate  their  use.

Crown  Copyright  © 2016  Published  by Elsevier  B.V.  All  rights  reserved.
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1. Introduction

Management of many of the world’s marine fish and inver-
tebrate stocks is supported by scientific advice based on stock
assessments (Mace et al., 2001). Stock assessments are typically
used for one of two (related) reasons: 1) as research tools to
examine underlying fishery/biological relationships (e.g., spawner-
recruit relationships) in a population model context, and 2) to
provide management advice and estimate quantities of manage-
ment interest. Many fisheries in countries such as the United States
(US), Canada, Australia, and New Zealand, as well as fisheries in
European waters and international fisheries managed by Regional
Fishery Management Organizations, base management advice on
estimates of abundance and fishing mortality derived from stock
assessments. These estimates are typically expressed both in abso-
lute terms and relative to reference points. They often are used as
the basis for applying harvest control rules or evaluating proposed
regulatory measures (such as total allowable catches or limits on
fishing effort) that will frame management actions. The value of
this technical approach to fishery management is exemplified in
Worm et al. (2009).

The comprehensiveness of stock assessments, and the num-
ber of data sources, is continuing to increase. The assessments
conducted in the 1970s and 1980s that estimated biomass and
fishing mortality1 were typically based on Virtual Population Anal-
yses (VPA; Laurec and Shepherd, 1983; Pope and Shepherd, 1982;
Shepherd, 1999) or surplus production (biomass dynamics) models
(Schnute, 1977; Butterworth and Andrew, 1984). These meth-
ods relied on estimates of catch, effort, and, in the case of VPA,
catch-at-age data. The trend in stock assessments since 1982 has
been towards ‘integrated’ or ‘statistical’ methods that separate
the model of the population dynamics from the error model, i.e.,
the model that relates observations to predictions of the popula-
tion dynamics model (e.g., Fournier and Archibald, 1982; Deriso
et al., 1985; Methot, 1990). In contrast to earlier approaches, “inte-
grated” assessment methods allow more and diverse data sets to
be included in assessments (Maunder and Punt, 2013). These meth-
ods also allow uncertainty to be propagated through the model and
be quantified using frequentist and Bayesian methods (Magnusson
et al., 2013; Stewart et al., 2013), and they allow much more com-
plex population dynamics models as the basis of stock assessments.
Few assessments explicitly allow trophic interactions to influ-
ence management actions (but see Plagányi et al., 2014). However,
increasingly, assessments used to provide scientific advice allow for
spatial structure (e.g., Punt et al., 2000; Thorson and Wetzel, 2015)
and analyse data for multiple stocks of the same species (e.g., Punt
and Kennedy, 1997; Porch et al., 2001; McKenzie, 2015) and even
multiple species (e.g., Dichmont et al., 2003) simultaneously.

The increasing complexity of stock assessments has not come
without cost. In particular, the technical skills required to apply
modern stock assessment methods has increased substantially, not
only because analysts need to select the model type and specifica-

1 Other methods such as yield-per-recruit analysis were, and continue to be,
applied but do not provide estimates of biomass and fishing mortality.

tion to use, but because, with multiple data sources, it is necessary
to weight each data source as well as each data point within each
data source, and the results of stock assessments can be sensitive
to how data are weighted (Richards, 1991; Francis, 2011). In addi-
tion, there may  be many options within any one modelling package.
Unfortunately, there are an insufficient number of suitably quali-
fied scientists to conduct stock assessments. The lack of assessment
analysts has been best documented in the US (DoC, 2008), but is a
worldwide issue. Effective use of existing stock assessment tools
requires training, and in the US at least, the key federal agency sup-
porting stock assessments, the US National Marine Fisheries Service
(NMFS), has invested in supporting university faculty to increase
the number of new scientists capable of conducting stock assess-
ments (e.g., Berkson et al., 2009), as well as in funding for students
studying population dynamics.

The importance of stock assessments as the basis for fisheries
management advice has meant that the need for an effective peer-
review process has increased in concert with the complexity of
the stock assessment methods used to provide advice. Affected
members of fishing and conservation communities do not always
understand the technical details of assessment methods, so they
rely on an independent review process that is impartial, scientifi-
cally rigorous and open to the public, to ensure that the assessment
results provide the best available information for management.
Peer review evaluates many aspects of a stock assessment, includ-
ing choice of assessment method, selection and weighting of data
(e.g., catch, abundance, and life history), selection of options when
applying the assessment method, and model fit to available data.
Often, alternative model configurations are developed by the ana-
lysts, and the peer review process leads to a selection of which,
if any, of those configurations should form the basis for man-
agement advice. Peer review of stock assessments is made more
challenging if the reviewers are not familiar with the assessment
method, including whether it performs as expected. Reviewers are
more likely to be familiar with standard packages than with stock-
specific models.

Both to facilitate peer review and accommodate increasing com-
plexity, there is a trend towards use of stock assessment packages.
For example, in 1999, all assessments for fish stocks in Australia’s
Southern and Eastern Scalefish and Shark Fishery were based on
stock-specific models coded by the assessment analysts. However,
in 2015, all but one of these assessments were conducted using
a stock assessment package (Stock Synthesis) developed in the
US (Methot and Wetzell, 2013). This trend is evident in several
other fisheries management jurisdictions, because use of packages
reduces the time it takes to conduct a stock assessment and can ben-
efit from improvements based on repeated use and past simulation
testing. However, use of packages is not without disadvantages.

This paper provides overall summaries, minimum data require-
ments, key technical aspects, outputs and projection capability,
and information about software and maintenance of sixteen stock
assessment packages developed for application to fish and inverte-
brate stocks under federal management in the US, and discusses the
advantages and disadvantages of using packages for stock assess-
ment. The paper also has a second goal to help distinguish the
different assessment packages from each other to help with model
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