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Evaluating the science behind the management advice
for North Sea cod

Stuart A. Reeves and Martin A. Pastoors
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Since 1974, annual assessments have constituted the core of the scientific advice underpinning management of the North Sea
cod stock. Here, we base our evaluation of the assessments' performance on the quality of the advice and on the wider issue of
how science is used to produce management advice. At the same time, we consider catch-at-age analyses and catch forecasts in
the context of the amount of person-time and expertise available at the relevant working group meetings. The results indicate
that, generally, the catch forecasts have been positively biased and that the bias has been driven by three main factors: (i) substantial
overestimates of terminal stock size since the late 1990s, (ii) overestimates of incoming recruitment, and (iii) overestimates of growth.
Information for other North Sea stocks (haddock, plaice, and sole) suggests that bias is a problem generally, not one unique to cod.

Our results include a discussion of ways to use science more effectively in supplying management advice.
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Introduction programmes, as well as the inputs to the catch forecasts. Although
less directly a scientific consideration, the expertise and time
available at WG meetings could also affect the performance of

the assessment and the resulting advice.

Cod (Gadus morhua) in the North Sea have been an important
target of fisheries for at least 100y (Daan, 1978; Hislop, 1996;
Pope and Macer, 1996; Bannister, 2004). Scientific advice on the
state of the stock has been provided annually since 1974. In
recent years, the cod stocks and fisheries in the North Atlantic
have been subjected to particularly close scrutiny, a reflection of
their historical importance (Kurlansky, 1997), the collapse of
Canada’s northern cod stock (Finlayson, 1994), and the general
deterioration ofstocks in EU waters.

Given the long history of North Sea cod assessments and associ-
ated advice, an evaluation ofthe effectiveness ofthe science behind
management advice is appropriate. The assessment/advice process
follows an annual cycle that reflects the needs of the primary cus-
tomer, the Commission ofthe European Communities, for annual
total allowable catch (TAC)-based advice (Holden, 1994). Data
from commercial catches and research-vessel surveys are compiled
each year and added to the historical time-series for use by an ICES

stock assessment working group (hereafter WG). At the WG

Evaluation criteria

The advice is typically presented in the form of a catch-option
table that expresses the results of a forecast through the catch
and spawning-stock biomass (SSB) that would result from apply-
ing a specific fishing mortality (F) during the TAC year. In
practice, F cannot be controlled directly; the intention ofa TAC
is to control removals from the stock and thus to achieve a specific
F. On a technical level, therefore, the key aspect to evaluate is the
link between forecast catch and implied F.

The forecast catches are based on the estimated population
numbers projected forward into the TAC year, combined with esti-
meeting, the state of the stock is evaluated relative to earlier ~ mates ofrecruitment and growth for the same period. If the TAC
advice were followed exactly and implemented strictly, the obvious
evaluation criterion would be the match between the implied and
the realized F. If there is a close correspondence between the two,

years and to specified reference points. The stock estimates are
then projected forward for different exploitation rates, to
provide a range of catch options for the next year. Subsequently,
the assessment and catch forecast are peer-reviewed by the ICES the science (and the advice) can be said to have performed well. In
practice, the evaluation is less straightforward, primarily because
the agreed TAC may deviate from the advice and catches may
deviate from the agreed TAC. Therefore, we compare initial and
subsequent estimates of the same parameters (F, SSB), i.e. the

evaluation is based on internal assessment consistency.

Advisory Committee for Fisheries Management, which is also
responsible for drafting the management advice.
Stock assessment is clearly the heart ofthe advisory process, but

an evaluation ofthe science must also consider the data collection

Crown Copyright ©2007. Published by Oxford Journals on behalfofthe International Council for the Exploration ofthe Sea. All rights
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Assessment inputs
The assessment process relies on a variety of inputs, and their
quality must be considered. The material covered here refers to

all assessments up to and including 2002.

Catch-at-age data

All assessments used some form of catch-at-age analysis, which
requires total catches disaggregated by age. These data are obtained
by raising age compositions from sampled catches to the estimated
total catch. O’Brien efai (2001) estimated coefficients ofvariation
for the total international landings-at-age data for North Sea cod
and investigated the effect of sampling error on the parameters
estimated by the stock assessment. They concluded that current
levels of market sampling cause negligible variability in assessment
outputs when compared with how the output is affected by the
quality of landings statistics. Because collection of the latter is
explicitly the responsibility of regulatory authorities rather than
scientists, their quality is not considered here.

Estimates of discards have not been included in the catch data.
Although a time-series of cod discard estimates is available for the
Scottish fleet, these have not been used in routine assessments,
partly because the estimates are relatively low when compared
with Scottish cod landings (Stratoudakis et al, 1999) and partly
because Scottish discarding practices are unlikely to be representa-
tive of those of other fleets (ICES, 2003). The lack of discard
information in the inputs represents an obvious weakness in the

assessment.

Catch-per-unit-effort data

In recent years, the cod assessment has been tuned using indices
from three independent research-vessel surveys. Evaluation of
these surveys indicated that the indices were relatively precise
and consistent, both within and among surveys (Beare et al, 2003).

Biological parameters

The (fixed) values for natural mortality currently used are averages
by age over the years 1980-1982, derived from multispecies virtual
population analysis (MSVPA; Sparre, 1991), and so allow for
differences in predation mortality-at-age, but not of possible
temporal changes. These values have been reviewed subsequently
in the light of updated MSVPA runs, but at least until 1998,
the values from the updated runs have been sufficiently similar
to the values in use that no change was considered necessary
(ICES, 1999).

Estimates of weight-at-age in the catch and in the sea are
taken from the market sampling programme. Maturity-at-age is
a constant vector, with no variation by year. Using more realistic
estimates of growth and maturity, the scale of the SSB values
altered, but the trajectory over time did not change substantially
(Cook etal, 1999).

WG effort, expertise, and workload

The amount of scientific expertise and person-time available to do
a proper assessment can be summarized in terms of meeting dur-
ation and number of participants (Table 1). The name ofthe WG
has changed over the years, as has the number of stocks assessed.
This must be taken into account when considering the expertise
available specifically for cod. Also, the stock definition (originally
Subarea IV) changed over the years, such that the current
definition includes cod in the adjacent areas of the Skagerrak
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(ICES Division Illa) and the Eastern Channel (ICES Division
V1ld). For convenience, however, we use the term “North Sea
cod stock” throughout.

The duration of WG meetings was initially fixed at 5d and is
currently fixed at 10 d. In between, especially from 1981 to 1992,
duration was more variable, perhaps indicating an attempt to
adjust the length of the meeting to the expected workload. The
number of participants showed a gradual decrease before about
1985 and a general increase thereafter. These two measures
may be combined to provide total effort in person-days for each
meeting (Figure la). The overall quantity of scientific effort
expended has increased in a rather linear manner, from around
50 person-days in the mid-1970s to nearly 200 person-days
25 years later.

W hether the expertise of the participants has changed over the
years is difficult to quantify, but as a proxy, we use the experience
of each participant in terms of the number of WG meetings
attended previously. Of course, this measure does not take into
account whether a member has attended other WG or has had
any formal training. During the 29 WGs meetings (1974-2002)
considered here, 105 scientists participated in at least one
meeting, and one “veteran” attended 22 meetings (Figure 1b).
The distribution is clearly skewed, with many people having
attended only a single meeting. It may be more informative
to look at the average assessment experience represented by all
participants present at each meeting (Figure le). Following an
initial “burn-in” period, the experience available has been remark-
ably consistent, participants having on average four to five meet-
ings of experience. The dip in 1992 and 1993 reflects integration
of the Roundfish and Flatfish WGs, rather than a true dip in
assessment experience.

An approximate index of the total workload can be obtained
from the number of stocks for which standard assessments have
been requested (Table 1; full stocks, assessed by some form of
model). We neglect to consider here that incidental requests for
additional absorb of WG

members. The number of stocks considered by the WG has

advice may considerable time
varied because of a regular restructuring process. The important
conclusion is that the number of available man-days per full
stock has fluctuated without obvious trend (Figure Id).

The output ofa WG meeting is its report. Hence, the number of
pages in each report makes a useful metric of the amount of work
actually done (Table 1). The number of pages produced showed a
steady increase until about 1987, when the increase accelerated to
peak in 1997. In recent years, there has been a slight decline. The
productivity of the attendees in terms of pages produced per
person-day remained more or less constant at about one page
until about 1988, after which it increased to a peak in 1996 and
since then has remained at around three pages per person-day
(Figure le). Atleast part of the increase may be attributed to devel-
opments in portable computer technology. However, the key soft-
ware in use has changed little since 1992, so this trend does seem to
reflect a real increase in the workload and/or productivity of
the WG.

The number of pages dedicated to North Sea cod can only be
calculated from 1979 (Table 1). The section has increased in line
with the size of the overall report. After some larger variations
in the earlier years, the proportion of the report taken up by the
section devoted to cod has remained largely stable at close to 10%.

Over the 29-y period, the WG has demonstrated considerable
scientific ability in developing new analytical tools. Although
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Table 1. Characteristics of the meetings and reports of the ICES WGs that have assessed the North Sea cod stock, 1974-2002.

Meeting

Year Name Start date #d #P
1974 NSRWG 4 March 1974 5 15
1975 NSRWG 10 March 1975 5 10
1976 NSRWG 15 March 1976 5 14
1977 NSRWG 21 March 1977 5 17
1978 NSRWG 3 April 1978 5 15
1979 NSRWG 7 May 1979 5 14
1980 NSRWG 14 April 1980 5 15
1981 NSRWG 24 March 1981 10 14
1982 NSRWG 23 March 1982 10 12
1983 NSRWG 7 June 1983 10 13
1984 NSRWG 12 March 1984 13 12
1985 NSRWG 12 March 1985 10 11
1986 NSRWG 13 March 1986 13 13
1987 NSRWG 9 March 1987 12 14
1988 NSRWG 18 April 1988 12 17
1989 RWG 20 October 1989 7 15
1990 RWG 11 October 1990 13 13
1991 RWG 8 October 1991 11 12
1992 WGNSSK 6 October 1992 9 18
1993 WGNSSK 7 October 1993 9 19
1994 WGNSSK 6 October 1994 9 18
1995 WGNSSK 2 October 1995 9 21
1996 WGNSSK 7 October 1996 9 18
1997 WGNSSK 6 October 1997 10 22
1998 WGNSSK 5 October 1998 10 19
1999 WGNSSK 11 October 1999 10 20
2000 WGNSSK 3 October 2000 10 21
2001 WGNSSK 19 June 2001 10 20
2002 WGNSSK 11 June 2002 10 21
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Report
#FSa ICES CM reference #p #codb
3 1974/F: 5 37 -
3 1975/F: 5 42 -
7 1976/F: 9 52 -
6 1977/F: 8 61 -
6 1978/G: 7 89 -
6 1979/G: 7 92 13
6 1980/G: 8 98 14
6 1981/G: 8 132 18
6 1982/Assess: 8 145 13
6 1983/Assess: 18 125 12
6 1984/Assess: 10 138 11
6 1985/Assess: 9 157 14
9 1986/Assess: 16 163 23
11 1987/Assess: 15 171 22
11 1988/Assess: 21 248 27
11 1990/Assess: 7 190 17
11 1991/Assess: 4 267 20
11 1992/Assess: 4 247 24
13 1993/Assess: 5 343 30
13 1994/Assess: 6 397 41
13 1995/Assess: 6 462 51
18 1996/Assess: 6 586 57
12 1997/Assess: 6 633 63
11 1998/Assess: 7 702 67
11 1999/ACFM: 08 675 76
13 2000/ACFM: 07 598 55
11 2001 /ACFM: 07 520 44
11 2002/ACFM: 01 565 63
11 2003/ACFM: 02 624 45

NSRWG, North Sea Roundfish Working Group; RWG, Roundfish Working Group; WGNSSK, Working Group on the Assessment of Demersal Stocks in the
North Sea and Skagerrak; #d, duration; #P, participants; #FS, full stocks; #p, pages; and #cod, pages in the cod section.

aA "full stock" is defined as a stock assessed by some form of model.
bReports before 1979 did not contain a separate cod section.

innovative developments have been fewer in recent years, there is
no evidence ofany decline in the expertise represented at meetings.
Also, the work accomplished by the WG over the years implies that
problems in the assessment or forecast cannot be linked readily to

a lack of scientific effort or expertise.

Assessments and forecasts

Performance of tuning methods

The assessments for North Sea cod have always used some form of
VPA (Skagen and Hauge, 2002). These methods estimate past
population the
catches ofeach cohort (year class) over the years, with a correction

sizes and F from accumulated commercial
applied for losses through natural mortality. Once a cohort is no
longer present in the catch, the estimated size of that cohort at
previous points in time no longer changes. In practice, the popu-
lation estimates become stable (independent of the addition of
another year’s catch data) once a relatively large proportion of
the cohort has been caught (the VPA has “converged”; Pope,
1972). A corollary of this property is that estimates of cohort

size and F for the most recent years are less certain and change
from one assessment to the other. As the current state of the
population serves as the basis for the forecast, methodological
development has focused on ways of tuning the VPA, i.e. using
additional information to reduce the uncertainty associated with
the most recent population estimates.

The goal of tuning is to provide the statistically best-fitting
estimates of £, and hence stock size, for the most recent years. In
practice, this means that the estimates should correspond to
those obtained some years later when the VPA has converged.
As aresult, an appropriate performance measure for the evaluation
of tuning methodology is the percentage difference between the
initial and converged estimates of mean F (historical analysis;
Cadrin and Vaughan, 1997). Alternatively, other population
parameters (SSB and recruitment) might be used, but these
are affected by additional factors (e.g. mean weight-at-age and
survey estimates), so are less suitable for evaluating performance
oftuning methods per se.
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Figure 1. Summary of effort, expertise, and workload of the ICES
working groups that have assessed the North Sea cod stock, 1974-
2002. (a) Number of person-days of effort available; (b) frequency
distribution of individual participation in meetings; (c) average
number of years of previous experience as a member of the WG
represented by participants in meetings; (d) number of person-days
of effort expended per full stock; and (¢) number of report pages
produced per person-day.

Until 2002, the mean F on North Sea cod was calculated over
ages 2-8, so this parameter has been derived for as many years
as possible from each assessment (Figure 2). The percentage
difference between initial and converged estimates is indicated in
Figure 3, together with an indication of the tuning methods
used (documented by Pope and Shepherd, 1985; Darby and
Flatman, 1994; Shepherd, 1999), because these may be expected
to have influenced past performance. In earlier years, new
tuning methods were introduced every year or two, and the
period shows relatively high interannual variation in assessment
performance. with the of Laurec-
Shepherd tuning in 1988, the difference between initial and con-

However, introduction

verged assessments was consistently within 10% until 1995. More
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Figure 2. Trends in mean fishing mortality for North Sea cod from
assessments, 1977-2002.

recently, F has been consistently underestimated by > 20% and, in
fact, the difference may even be greater, because the values from
the last assessment are not yet converged completely.

On the basis of these results, the time-series may be split into
three periods: a period of methodological development up
to and including 1987, with large interannual variations in per-
formance; a period of routine usage of a technologically mature
methodology and relatively high performance until 1995; and a
period of systematic underestimation of F from 1996. Similar ten-
dencies are present in the estimates of SSB, but because estimates
of F and stock numbers are inversely related, population size has

been overestimated in recent years.

Performance of short-term forecasts

Short-term catch forecasts are methodologically straightforward
(Shepherd and Pope, 2002), but they do require additional
inputs. In assessment year y, the WG has complete catch data
only up to and including the previous year (y — 1), so can
only estimate the population surviving at the start of year y. The
TAC advice is required for year y + 1, so an assumption has to
be made about the catch in numbers that may be taken (or the
likely F) during year y to generate an estimate of the population
numbers at the beginning of year y + 1. Additionally, estimates
of the numbers of fish in year classes recruiting to the exploited

population are required from research-vessel surveys. To transform
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Figure 3. Time-series of an assessment performance measure for
North Sea cod assessments, 1977-2002: the deviation between
terminal mean Fas estimated in the assessment year (x-axis) and the
converged estimate of mean F for the same year available from the
reference assessment, expressed as a percentage of the reference
value. The tuning method used is indicated by the shading.
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catch and population numbers to corresponding weights, assump-
tions have to be made about potential changes in weight-at-age.

There is uncertainty associated with all (assumed) inputs to a
short-term forecast, but again, final estimates of F and recruitment
become available as converged estimates from later assessments
and final estimates of weight-at-age become available from sub-
sequent sampling during years y and y+ 1. Therefore, we
can compare the original WG forecasts during each year with
“reference” forecasts using the same algorithm, but replacing the
original inputs by the values obtained subsequently. The difference
between the two provides an effective performance measure of the
original forecast.

For Fin yeary, the normal practice is to use a recent mean value
by age to estimate the current exploitation pattern and then to
scale this pattern using an overall F-multiplier to reflect presumed
changes in exploitation. The F-multiplier is usually equal to one
(the assumption of status quo F). The same exploitation pattern
is used for the TAC year. The reference forecasts followed the
same approach, with F for years y and y + 1taken from the corre-
sponding years ofthe last assessment (2002).

The performance ofthe catch forecasts since 1988 has been eval-
uated, based on the assumption ofstatus quo Fin yearsy andy + 1
in Figure 4. This approach allows the relative contributions of the
various inputs to be evaluated by running test forecasts that substi-
tute consecutively one type of input in the reference forecast

80%
~ 40% - - -
O 20%--
0%
-20%
WGNs WGFs WGWtS
(b)
80% -
g 60% -}
S 204 -
0%
1988 1992 1996 2000
WG ——~ WGNlandN2------ W3N3+ WGR

Figure 4. Catch forecast performance measures (percentage
difference between status quo catch from a test forecast and the
value from the corresponding reference forecast using relevant
information from the latest assessment) for North Sea cod. The
forecasts evaluated are the original WG forecast (thick lines) and test
forecasts retaining the values from the reference forecast for all but
one type of input: (a) stock numbers, F, and weights-at-age; and
(b) stock numbers at age 1 and age 2, stock numbers at age 3+, and
estimates of recruitment in the TAC year. The x-axis is the year when
the forecast was run.
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(Figure 4a: F-at-age, and weight-at-age;

Figure 4b: numbers of cod aged 1and 2, numbers aged 3+, and

numbers-at-age,

recruitment) with the values used in the WG forecast, then calcu-

lating the resultant deviations from the reference forecast.

WG
reference

consistently higher than
the 10-70% 37%).
Consequently, advice-based TACs have always been less restrictive

catch forecasts have been

forecasts, by some (average
than intended. When only stock numbers from the most recent
assessment are included in the reference forecasts, the bias is still
positive (18-45%), but the temporal trends are largely removed.
The WG weights-at-age have also contributed substantially to the
forecast performance, particularly during the period 1991-1998,
when they led to a linear trend in the deviation from -16% to
+24%. In contrast, WG F values contribute little (average just
1%). Therefore, the performance of the short-term forecasts
appears affected primarily by a constant positive bias attributable
to overestimated stock numbers-at-age and secondarily by
unforeseen trends in weights-at-age.

The stock numbers used in a forecast may be separated into the
population numbers at all ages present at the start of each forecast
period and the numbers of recruits entering during the two
subsequent years. It is useful to consider the youngest ages in
the initial populations (ages 1 and 2) separately from older fish
(3+), because their numbers are often adjusted after running a
VPA. Most of the bias associated with stock numbers appears to
result from the estimates of the age 1 and age 2 fish, especially
whereas the recruitment estimates

during the earlier

contribute very little. Only after 1996 do the 3+ cod numbers con-

years,

tribute substantially to the bias, reflecting the general problems
with the VPA in this period, as discussed earlier.

Impact of the bias

Two main problems have been identified: the bias observed in VPA
since 1996 and the bias in the forecasts through inappropriate
estimates of weight-at-age and stock numbers.

VPA bias

The main problem with the recent assessments of North Sea cod
has been the strong tendency to underestimate F (and to over-
estimate stock numbers) in the terminal year. This retrospective
problem first made its entry in the 1997 assessment. In contrast,
the 1996 assessment overestimated mean F by 12%, and between
1991 and
of the converged values. Similar retrospective patterns have been
noted for other stocks (ICES, 1991), and Mohn (1999) showed
that these can arise from changes in catch data, abundance

1995, the estimates of terminal F were within 4%

indices, or model assumptions. Evans (1996) concluded that
such a retrospective problem “probably involves a change over
time ofa quantity that has been assumed constant”.

Extended survivors analysis (XSA; Shepherd, 1999) has been
used as the standard assessment approach for this stock since
1993, so it included part of the period when the assessment
performed well. Other approaches explored by the WG over the
same period tended to give similar results to XSA, and changes
in XSA settings introduced in the 2000 assessment did not solve
the problem. Therefore, the retrospective problem does not
appear to be a function of model choice.

The absence of discard data, and concerns about misreporting
and under-reporting oflandings noted at least as far back as 1989,
indicates that there is uncertainty associated with the estimates

of total catch used in the assessment. However, these problems
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preceded the onset ofthe bias problem and by themselves do not
explain why the performance shows such a stepwise change.
Hence, although unreliable landings statistics and changes in
discard rates may represent contributory factors to the VPA bias,
it seems likely that other factors are also involved.

Analyses of the three survey series used to tune the cod
assessment (Beare et a/, 2003) indicate that they yield mutually
consistent results, which makes it less likely that the problem
can be attributed to a change in survey catchability. In earlier
years, up to nine commercial catch per unit effort series were
used in tuning the assessment. Although there were problems
with some of these (Bannister et a/, 2000), their subsequent
exclusion did not solve the problem.

The analysis of assessment inputs and their potential impact
does not provide an obvious explanation for the sudden
deterioration in performance beginning in 1997. Although the
uncertainty in estimates of total catch is the main weakness of
the data, bias could also arise from a change in another aspect in
the system. During the 1980s and 1990s, a number of changes
were noted in the cod stock, including climate-linked changes
(O’Brien et al, 2000), food supply
2003), and distribution (Blanchard et al,

retrospective

in recruitment larval
(Beaugrand et al,
2005). Given this

problem resulted from the interaction among changes in many

background, perhaps, the

different factors, rather than from a single large factor.

Bias in forecasts

The analysis of forecast performance identified problems in the
estimation of stock numbers and weights-at-age as the most
important components of forecast bias. The weights-at-age used
were derived from a recent average (1988-1996, 5-y average;
thereafter 3-y average). Although this averaging smoothes out
observed annual variations, this approach can lead to substantial
deviations between the assumed and actual values, if there are
multi-year trends (Figure 5).

The estimates of numbers of age 1 and age 2 cod used in the
forecasts and the reference values for the same year classes
(Figure 6) follow the same trend, but abundance has been system-
atically overestimated in the original forecasts. On average,
numbers-at-age-1 and -age-2 were overestimated by 34% and
29%, respectively.

The estimates ofage 1 fish at the start ofthe forecast period are

derived from a regression procedure that estimates recruitment,

based on indices of year-class strength from research-vessel
surveys and converged VPA estimates (RCT3; Shepherd, 1997),
40% r
Age 2
30% - Age 3
@ 20% m- — Aged
Age 5
10%
0%
y -10% --
- 20%
1988 1992 1996 2000

Figure 5. Percentage difference between weights-at-age used in WG
catch forecasts and the values for the same year observed later for
four age groups of North Sea cod (x-axis is the year of the forecast).
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Figure 6. Stock numbers at the start of the forecast period as used
by the WG for North Sea cod compared with corresponding values
from the reference assessment (open symbols: VPA estimates; closed
symbols: RCT3 estimates; and x-axis is the year when the forecast was

run).

because this age group is hardly represented in the commercial
catches. Most estimates of age 2 fish were also RCT3 estimates
to replace unreliable VPA estimates. Hence, the problem of sys-
tematic overestimation of recruitment is related to the use of
RCT3. ICES (2000) identified this problem in relation to North
Sea cod, haddock (Melanogrammus aeglefinus),
{Pleuronectes platessa). Shepherd (1997) notes that “the final esti-

mate is always deliberately biased towards the mean”. Therefore, if

and plaice

there is a decreasing trend in recruitment, this inherent bias will
result in systematic overestimation of recruitment. This provides
an explanation for the bias observed here, because cod recruitment
has followed a marked downward trend since the early 1970s.

The assumption ofstatus quo F for the intermediate year made
only a minor contribution to the overall forecast bias. Implicit in
this status quo assumption is that the TAC over the intermediate
year does not affect F. Our analysis suggests that this has been a
reasonable assumption.

The methodologies used to estimate weights-at-age and recruit-
ment have in common their rebanee on an average over some
past period as an indicator of a future condition. Clearly, this
assumption has been inappropriate for both parameters, owing
to prolonged trends during specific periods.

Discussion

The bias problem in assessment and forecast is not unique to
North Sea cod. Pastoors (2005) summarizes less detailed analyses
of four North Sea stocks assessed by the same WG (cod, haddock,
plaice, and sole Solea vulgaris) over a similar period. Using metrics
developed by Jonsson and Hjorleifsson (2000), he identified bias
in the assessments of all four. Bias was greatest for cod and
plaice, but all stocks tended to show periods ofnegative and posi-
tive bias. They showed little relationship between F implied by
landings taken in a given year and F for the same year estimated
from a recent assessment. These results suggest that the problems
noted here are general rather than stock-specific.

Jonsson and Hjorleifsson (2000) provide a broader context by
summarizing the performance of the assessments of 57 ICES
stocks in terms of their variabihty and bias. On the basis of an
overall “composite metric of assessment quahty”, the North Sea
cod assessment showed the best performance of all stocks con-
sidered. Although this results from the timing of their study (the
bias only became apparent in the 2000 assessment), it does high-
bght the fact that the North Sea cod assessment has been one of
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the most consistent. The other North Sea stocks considered by
Pastoors (2005) performed well Jonsson and
Hjorleifsson’s (2000) criteria, with the rank numbers of the
haddock, plaice, and sole assessments being 2, 11, and 23, respec-
tively. This suggests that, despite their relatively high quality, the

also against

precision is still insufficient to provide the type ofadvice required.

In common with other historical analyses (Sinclair et al, 1985;
Cadrin and Vaughan, 1997), we have assumed that there is no
error in the converged population estimates with which the
initial estimates are compared. This assumption may not be
valid because unreported catches in former years will continue
to affect converged population estimates. Under these circum-
stances, any discrepancies observed in initial assessments remain
indicative of problems in the assessment, but it may not be
straightforward to determine their causes.

The performance of the assessment/advice system cannot be
viewed in isolation from the type of advice required. As for most
European fish stocks, advice is requested on the cod TAC to be
decided by the EU for the next year. The approach of providing
deterministic catch options based on short-term catch forecasts
requires precise estimates ofrecent stock size, as well as of recruit-
ment and expected growth over the forecast period. It is the type of
advice requested that makes errors in these quantities critical. One
ofthe key problems has been the systematic overestimation of the
incoming year classes, which represent a major component of the
catch forecasts, owing to the depleted state of the population. This
bias is linked to a series ofbelow-average year classes, which in itself
may be caused partly by the reduced spawning stock and the high
exploitation rate. Illegal landings attributable to non-compliance
may also have contributed. Therefore, the assessment/advice
system becomes least effective when the stock is in greatest trouble.

The VPA bias problem was first detected in a provisional assess-
2000), and substantial
changes have since been made to the tuning. Although the bias
in RCT3 estimates of recruitment used in the forecast was detected

ment made in 2000 (Bannister et al,

by the WG, the problem was not addressed. The contrast then is
between the VPA bias, caused by external factors, which the WG
attempted to resolve, and the internal forecast problem, which
the WG did not attempt to resolve. As the latter is clearly a
more serious issue, it is the main focus of our discussion.
Because the time-series of membership available at WG meet-
ings does not indicate any shortage of effort or expertise in
recent years, the failure to address this specific problem must be
related more to how the effort has been focused. Before 1992,
the frequent changes in adopted VPA tuning methods indicate
that the meetings represented a rather dynamic scientific environ-
ment in which the WG focused on methodological developments.
In later years, the emphasis shifted to exploring the model settings
and data included in the model. Methodological development still
continued, but was focused on medium-term projections (ICES,
2002) and on precautionary reference points (ICES, 1997; Cook,
1998). These approaches are associated more with longer term
management of the stocks than with short-term TAC advice.
Several factors may have contributed to the neglect ofthe short-
term forecast problem. First, the forecast algorithm used follows
directly from the exponential decay equations used within the
VPA, so there appeared no scope for methodological development
in this area. Second, the focus on medium-term modelling
approaches may have been at the expense of focus on biological
processes such as growth and recruitment, particularly because
WG did not

the increasing workload of the encourage
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investigation of established routine Finally, the
refusal of ICES to give catch-based advice for North Sea cod

over the period 1990-1994 may be indicative of a broader lack

procedures.

of scientific support for TAC management as an effective tool to
control exploitation rate, which again discouraged focus on the
forecast aspect.

Bannister (2004) identified the international dimension and
the mixed-species nature of the fishery as the two main factors
contributing to the recent poor state of the North Sea cod stock,
despite all advice having been consistently intended to reduce
F. Notwithstanding the change in perception in 2000 regarding
retrospective bias, all assessments yielded a consistent picture of
a major decline in the stock during the 1980s. In reviewing recent
attempts to permit recoveryofthe stock, Horwood etai (2006) con-
cluded that although some reduction in fishing effort has been
achieved, the cut is not yet enough to ensure recovery of the stock.

The performance of catch forecasts has been a long-standing
issue. Brander (1987) concluded that year-ahead forecasts were
subject to relatively high prediction errors, and Rivard and Foy
(1987) found that the forecasts evaluated tended to be overly
optimistic. These results are qualitatively similar to ours, despite
all the developments in assessment methodology since these
earlier studies.

Our analyses indicate that the WG has been capable of imple-
menting innovative scientific analyses and is still a repository of
substantial scientific expertise. Although some of the problems
encountered can be attributed to the specific form of TAC
advice required, we suggest that the scientific resources could
have been deployed more effectively if the WG had allowed itself
more time for reflection. In particular, more routine monitoring
of the performance of the annual assessments and forecasts
should have helped to detect problems and to respond to these
as they occurred. Perhaps, there has also been a tendency to
focus on the mathematical aspects, whereas more biological
input might have been useful. Indications that other scientific
inputs, such as from catch-sampling procedures or research-vessel
surveys, have contributed to the bias are largely absent.

Since 2002 (the last assessment used in this evaluation), the cod
assessments and advice have undergone substantial changes.
Changes include the development of a new method for estimating
unaccounted removals (Darby, 2005) and the inclusion of discard
data. In addition, attempts to address the mixed-species nature of
North Sea demersal fisheries (Vinther et a/, 2004) and the wider
context of the ecosystem approach to fisheries management
influence the way in which advice is formulated. Perhaps,
equally influential has been the increased involvement of stake-
holders in the process through the establishment of a North Sea
Regional Advisory Committee. It remains to be seen how this
changing context will influence the effectiveness of the WG as a
scientific environment.
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