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The effect of management choices on the sustainability and
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Alternative management scenarios were evaluated in a simulation framework that mimicked the recent exploitation ofsole and plaice
in the North Sea. A large proportion of plaice is taken as bycatch ofthe beam trawl fleet targeting sole, yet current management of the
two stocks assumes no interaction in their exploitation. The evaluation criteria included biological and economic sustainability, and
stability in the management measures. The fishery was assumed to respond to management restrictions by dropping the least profit-
able trips. We investigated two contrasting management strategies, single-species total allowable catches, and effort regulation. Under
the assumptions made, the latter strategy performed better. The results suggest that, given assessment error and bias, a strategy that
accounts for the mixed nature of a fishery and that occasionally results in perceived underexploitation may work best. Stability in
fishing mortality reinforces itself, through lower assessment bias, and management corrections become less frequent. The common
assumption in many stock assessments in EC waters that fishing mortality in the most recent year should resemble the value obtained

in previous years ("shrinkage") had a negative effect on the stability of control measures.
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Introduction with effort limitations, it is currendy not clear whether the

Management by total allowable catches (TACs) of species caught fishery will be restricted by TACs or by effort limitations.

in mixed fisheries is problematic because the quota of different Therefore, it is worth investigating the potential effects on the

species may be exhausted at different rates. Fishers are therefore
faced with a dilemma when the quota for one species is exhausted:
stop fishing and underutilize the quota for other species, or con-
tinue fishing and discard or illegally land overquota fish (Daan,
1997). W hen they choose the latter option, the target fishing mor-
tality (F) implied by the TAC will be exceeded, and the scientific
basis for stock assessment and future management advice will be
compromised if the stock assessment is based on official landings
data alone (assuming that these equal the catches).

In the North Sea, a large proportion of the landings of plaice
(Pleuronectes platessa) and sole (Solea solea) comes from the
Dutch beam trawi fishery in the form of a mixed catch.
However, exploitation of the two stocks is managed separately,
and the TAC management does not account for their technical
and economic interactions (Piet and Rice, 2004). Even the new
EC management plan for North Sea plaice and sole (EC, 2007),
which was adopted in 2007 and implemented for the first time
in 2008, considers the TACs for the two species separately.
Although

obvious. An effort-management system is a possible alternative.

the problem is well known, the solution is less

Although the EC plan complements the two single-species TACs

stocks and on the viability of the fisheries of a management
system that restricts effort.

Simulations of exploited populations and management pro-
cedures provide insight into the sensitivities of a system to differ-
ent management regimes, even if the ultimate management
performance cannot be predicted (Butterworth and Punt, 1999;
Sainsbury et al, 2000; Keli et al, 2002, 2005; Punt et al, 2002;
Ulrich et al, 2002; Harwood and Stokes, 2003; Pastoors et al,
2007). We
“true” population and a “perceived” population, as well as a feed-

developed a simulation framework containing a
back loop between the two. In the simulation, data collected each
year from the true population serve as input to the annual stock
assessments. As the data collection and the assessment procedures
introduce error, the resulting perceived population deviates
from the true population. It is the perceived population that
drives the management decisions. These decisions are then
imposed on the true population in the nextyear ofthe simulation.

Building on earlier work (Ulrich et al, 2002; Machiels et al.,
2007; Pastoors et al, 2007), we attempt to characterize the
mixed North Sea. flatfish fishery and to explore and understand
effects of alternative regimes.

the potential management
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The simulation framework was based on Kelietal. (2002) and Keli
and Bromley (2004), but with the addition ofeconomic consider-
ations. Although the economic impact of alternative management
strategies has been analysed for various fisheries (e.g. Frost, 1997;
Sutinen, 1999), simulations have rarely been used (de Wilde, 1999;
Salz and Frost, 2000; Pascoe et al, 2001; Ulrich et al, 2002),
because this requires economic data by fleet or preferably even
by individual vessel and trip.

We report on two scenarios here, one reflecting current man-
agement by TACs, and one based on effort restrictions. The
management goals for both scenarios were set according to
the precautionary approach to fishery management, although
the new EC management plan formulates different objectives,
such as target fishing mortalities. The precautionary approach
provides the framework for management advice delivered by
for Exploration of the Sea (ICES,
2001). It requires that to have stocks and fisheries within safe
probability should be high that the
[B (although the ICES jargon tra-
ditionally uses the symbol

the International Council

biological limits, the
spawning-stock biomass
SSB for spawning-stock biomass,
we use B for consistency, because Biim and Bpa also refer specifi-
cally to spawning-stock biomass)) is above a limit value (called
Biim) below which

recruitment may become

addition, the probability should be high that fishing mortality

impaired. In

(F) is below a limit value (called F]jm) that will drive B to
Bum- Because of uncertainty in the annual estimates of B and
F, ICES has defined more conservative (precautionary) oper-
ational reference points, £pa and Fpa (the subscript pa standing
for precautionary approach). When a stock is estimated to be
above Bpa, the probability should be high that in reality it is
above Blirn. Similarly, when F is estimated to be below Fpa, the
probability should be high that in reality it is below Flim. This
management framework is therefore risk avoiding and does
not target reference points such as MSY. In practice, Fpa is
often used as a de facto target F, because the TAC advice is
usually the catch that is forecast under Fpa. Therefore, the
advice is simulated corresponding to Fpa and the TACs and
effort restrictions are set accordingly. Note that, whereas in
reality the advice is not always followed, in our simulations it is.

The objective ofour study wasto monitor the two management
scenarios over annual time-steps, and to evaluate their perform-
ance with respect to biological (e.g. sustainable stock develop-
ment), economic (e.g. net revenues), and management criteria

(stability of management measures).

Methods

The model was implemented in the FishLab simulation framework
[the version used here is held by the first author; the FishLab
framework is no longer maintained, because it has been trans-
ferred to FLR (Keli et al.,, 2007)], representing a set of dynamic
link libraries (DLLs) that can be called from within Excel (Keli
2002, 2005). The listed

A. Simulations were run in a “Monte Carlo” set-up (x100) to

et al, equations are in Appendix
evaluate the variability' in the final outcomes. The structure of

the model is illustrated in the flow diagram (Figure 1).

Basic model
The model consisted oftwo main parts: the operating model (OM)
simulated the true system, and the management procedure (MP)
simulated the perceived

system and associated management

decisions. The OM represented two age-structured populations
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that mimicked North Sea sole and plaice, respectively. These
populations were developing in annual time-steps from a starting
population in 1957, given annual recruitment and mortality
(F and natural mortality M ). The MP simulated (i) annual obser-
vations taken from the populations, such as commercial
catch-at-age data and tuning series, (ii) annual stock assessments
by XSA (extended survivors analysis; Darby and Flatman, 1994)
and associated catch forecasts, and (iii) annual management
decisions depending on the scenario. The XSA method, a cali-
brated variant of virtual population analysis (VPA), is currently
used to assess flatfish (ICES, 2007).

In the MP, the annual “target F' (the fishing mortality averaged
overages 2-8, i.e. F2_8) was set according to the Fpadetermined by
ICES: 0.4 for sole and 0.3 for plaice (ICES, 2004). In the TAC scen-
ario, the catch forecast under Fpa of each species was set as the
respective TAC. In the effort scenario, the catch forecasts under
Fpa were translated into an allowable effort in the economic sub-
model (see below). All options in the simulated assessment and
forecast procedure matched those used by ICES (2004), and set-
tings were maintained for the entire simulation period. This is
contrary to common practice of ICES Working Groups, which
may make small changes to the settings each year.

The simulation consisted ofa historic part spanning the years
1957 to 2002 and a projected part from 2003 to 2015.

Therefore, 2002 was the first year in which an assessment was

from

carried out leading to a management decision for the next year.
From 2003, F was affected by the management decision made
the year before, through a feedback loop. The technical interaction
between sole and plaice in the Dutch beam trawl fishery was
assumed to reflect the linkage between the two species in all fish-
eries. Neither catching nor discarding of undersized fish was
assumed to take place. Appendix B gives a detailed description

ofthe input data in the basic model.

Economic submodel

The economic submodel was constructed to calculate the annual
removals by the fishery, as well as costs and revenues. Economic
parameters were obtained from an analysis of logbook data and
data on costs and revenues by the LEI panel, a sample representing
25% ofthe Dutch fleet. The price-elasticity parameters o fsole and
plaice were based on Nielsen (1999). For the effort scenario, the
submodel also functioned as a means to calculate the management
decision, i.e. the allowable effort, from the catch forecasts under
Fpa. The calculations were done through Cobb-Douglas pro-
duction functions, the derivation ofwhose parameters is explained
below. The spawning-stock biomasses of the two species and the
Dutch portions of their respective catch forecasts in each year
served as input for the economic submodel, which then calculated
the associated annual true catches (see below). The calculated
catches (after raising them back from the Dutch to the inter-
national level) were output and fed back into the basic model, as
realized removals in the OM. Revenues were calculated from the
landed catches and the prices per kilogramme, the latter being
dependent on the landings, but subject to price elasticity. The
price-elasticity model causes revenues to fluctuate less than land-
The

Equations and parameters are listed in Appendix A.

ings. costs were calculated from the effort deployed.

The economic submodel was designed as a short-term model to
predict adjustments within the existing fleet in response to man-

agement policies. For individual vessels, responses would consist

of adjustments in seasonal or spatial effort allocation, in the use
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Figure 1. Flow diagram of the simulation. The thick arrows mark where calculations in the economic submodel are carried out, denoted by
steps 1, 2, and 3, as explained in the main text. SI and S2 denote scenarios 1 and 2, respectively.

of gears, or in the number of effective sea-days. Fishers were
assumed to maximize their net revenues per unit of the restricting
factor. In the TAC scenario, the restricting factor was taken to be
the weighted value of the individual transferable quotas (ITQs)
of sole and plaice, a value calculated by multiplying the sole and
plaice ITQs with fixed average prices, then summing the products.
Hence, fishers were assumed to maximize their net revenues,
divided by the weighted value of the ITQs the)' used during that
trip. In the effort-restriction scenario, fishers were assumed to
maximize their net revenues per day at sea. The basic assumption
was that with a management restriction on the fishery, the least
efficient trips (those with lowest net revenues per unit of the
restricting factor) would be dropped first

To calculate the parameters for the submodel, we used the
Dutch reported landings and effort data and corresponding econ-
omic data by fishing trip for 2002, but to reduce the number of
records in the database, individual trips were grouped by vessel,
month, and gear. These vessel-month-gear groups were sorted
according to descending efficiency, i.e. descending net revenues
per unit of the restricting factor. Subsequently, all records were
cumulated, and landings were regressed against fishing effort.
This relationship between effort and landings of each species led
to a different production function for each management scenario,
because fishers were expected to follow a different strategy accord-
ing to the type of restriction.

The exponential regression of landings on fishing effort was
designed as a classical Cobb-Douglas production function of

the form

L; = a,BjES, (1)

where L denotes landings, E the fishing effort in horsepower-days
(hp-days), B the spawning-stock biomass, i the species, and a and
S are constants (f < 1). The actual equations and the estimated
parameter values are listed in Appendix A. An important feature
ofthis production function is that the rate of increase in landings
decreases as effort increases. This reflects the assumption that
if the fisher)' is restricted, the least efficient trips would be

dropped first.

One assumption underlying the economic submodel is that
the efficiency of month-vessel-gear groups is not distributed
that
month-vessel-gear combinations to maximize net revenues. An

randomly, and fishers may decide to cancel specific
analysis ofvariance ofthe net revenues per hp-day was performed
to test this hypothesis. Selected explanatory variables were month,
gear, interaction of month and gear, available hp-days per year,
vessel, hp-group of vessel, interaction of gear and hp-group, and
interaction of hp-group and available hp-days. For the entire
fleet, 56% of the variance could be explained by these variables
(Table 1), vessel, hp-group, and gear being the most important
(Table 2), explained

varied between 53% for Euro-cutters (engine power <300 hp)

For individual hp-groups the variance
and 79% for vessels >2000 hp, and the most important explana-
tory variables were vessel and month. These results make it
plausible that the industry should be able to cancel the least effi-
cient trips when they faced a restriction. Therefore, net revenues
would decrease less than proportionally with the restriction, by
concentrating trips in the most efficient seasons, and by trading
quota or hp-days from less-efficient vessels to more-efficient
ones. In the long term, this may cause less-efficient vessels to be
withdrawn from the fishery.

The variability in net revenues and catches of plaice and sole
among groups of trips is probably less than among individual
trips. This means that we may be underestimating the potential
for fishers to optimize their behaviour, and hence the curvature

ofthe production functions for the two species.

Scenarios
Scenario 7: TAC management

In this scenario, the two species are managed independently by
single-species TACs. We make the assumption that the fisheries
primarily target sole (the most valuable species by a factor of4-5
in terms of price per kilogramme), and that fishing continues
until the sole TAC has been fully taken, irrespective ofthe plaice
TAC. In other words, exploitation of sole determines the beha-
viour of the fleets, resulting in under- or overexploitation of the
plaice TAC. We assume that overquota catch of plaice is not
landed, and

therefore not accounted for in the assessment,
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Table 1. Analysis of variance for the whole fleet: test of
between-subjects effects with the dependent variable being net
revenues per hp-day.

Source Type 1 d.f. Mean F Significance

sum of square

squares
Corrected model 524 751a 60 8 702.3 9.95 <0.01
Intercept 209 706 1 209 706.0 239.80 <0.01
hp-group 235 545 S 47 109.1 53.87 <0.01
Gear 126 310 2 63 155.0 7222 <0.01
Month 41 056.9 1 3732.4 426 <0.01
Gear * hp-group 106 866 6 17 811.0 2036 <0.01
Gear * month 88 309.4 2 4014.0 459 <0.01
hp-group * hp- days 17 023.8 6 2837.3 324 <0.01
Vessel 463 240 55 8407.2 9.61 <0.01
Error 409 483 468 874.4 - -
Total 955 206 528 - - -

Corrected total 934 235 528 - - -

ar2=0.562 (adjusted r2=0.505).

leading to a discrepancy between the true catch and the perceived
catch (=landings). This scenario is thought to approximately
reflect the current situation, although it clearly is a simplification:
not all fleets target sole, and a small part of the Dutch beam trawl
fleet even exploits the area north of 55°N, where sole are virtually
absent and the target species is plaice.

The plaice catch taken is calculated from the effort required to
deplete the sole TAC (see below), and may be below or exceed the
plaice TAC. In both cases, the calculated plaice catch is fed back
into the OM as the true catch. If the plaice catch exceeds the
TAC, the landings (=perceived catch) in the MP are equal to the
TAC, otherwise landings are equal to the true catch. The age dis-
tribution ofthe landings is assumed to be equal to the age distri-

bution of the true catch.

Scenario 2: effort management

For this scenario, management is based on the allowable effort.
We decided to simulate a management rule where the allowable
effort is determined by the species for which the catch forecast
imposes the most severe effort restriction. Hence, this effort is
the lower of the two values estimated to yield the predicted
catch under the target F for each species. Of course, managers
may decide to apply a different type of effort-management
regime, e.g. one where the allowable effort is determined by the
catch forecast of the most valuable species, or of the species that
needs least restriction. We did not run simulations of such
management regimes.

The respective catches taken with the allowable effort serve
directly as input for the true catch in the OM, as well as for the
landings in the MP. In contrast to control by TACs, where discard-
ing of overquota catch is implied under full compliance, if the
quotas do not match, compliance under effort control implies
that all fish caught may be landed.

Calculations
Because the parameters of the economic submodel are based on

the Dutch fisher)' only, it was necessary to scale the forecast

S. B. M. Kraak et al.

catches down to the Dutch portions of the total international
catches. Similarly, the catches
effort had

catches. The proportions

subsequently taken with Dutch

to be scaled up again to arrive at international
of the

catches taken by the Dutch fishery were assumed to be constant

international sole and plaice

at 74% and 45%, respectively (averages over the period 1995-
2002; ICES, 2004).

The calculation ofannual “true” catches and economic results
was performed in three steps.

(i) Using the inverse production functions (listed in Appendix
A), effort was calculated from the spawning-stock biomass
(B) and the Dutch part of the catch forecast under the
target F. In scenario 1, the true effort equals the effort

required to deplete the sole TAC, using the true B in the cal-

culation. In scenario 2, the true effort equals the allowed
effort (the lower estimate of the effort required to deplete
the forecast catch of the two species), using the perceived

B to mimic a management process in which only estimates

are available, but not the true values.

(ii) True Dutch catches taken with the effort determined in step
(i) were calculated, using the true B in the production func-
tions listed in Appendix A. In scenario 1, only the plaice catch
had to be calculated, because the sole catch was set equal to
the TAC. The true Dutch catches were then raised to true
international catches.

(iii) Prices, costs, revenues, and profits were calculated from
Dutch landings and effort, using the costs and revenues func-
tions listed in Appendix A. In scenario 2, landings were
always equal to catches, whereas in scenario 1, potential over-

quota catches for plaice were not landed.

Uncertainty
Uncertainty was explicitly incorporated into the simulation frame-
work, acknowledging the

presence of a variety of sources

(Rosenberg and Restrepo, 1994). In the simulation, this uncer-
tainty caused the perception to deviate from the true world.
Sources of error include: process error, attributable to natural
variation in dynamic processes (e.g. recruitment); measurement
error, generated when collecting observations from the popu-
lations; estimation error, arising from estimating parameters of
the dynamic process during the assessment process; model error,
because the true complexity of the dynamics can never be cap-
tured; and implementation attributable to

error, imperfect

implementation, e.g. when TACs are exceeded. In our case,
model error was minimal because the equations used to construct
the simulated populations were the same as those used to assess
came from two

them. Variation among Monte Carlo runs

sources: random variability in recruitment around a Ricker
relationship, and sampling error in the generation of the tuning
series. Because the time-series of stock and recruitment data
since 1957 do not provide evidence for one particular stock-
recruitment relationship, the choice of a Ricker relationship was
arbitrary, and we did not test robustness to alternative hypotheses
(Machiels et al, 2007; Pastoors et al, 2007). Considering that
recruitment variation is the major source of process error, we
did not additional

weight-at-age or selectivity (see Pastoors et al, 2007).

include forms, such as variability in
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Table 2. Analyses of variance for hp-groups: test of between-subjects effects with the dependent variable being net revenues per hp-day.

hp-group
0-260

261-300

301-800

1501-2000

Source
Corrected model
Intercept

Gear

Month

Gear * month
hp-days

Vessel

Error

Total

Corrected total
Corrected model
Intercept

Gear

Month

Gear * month
hp-days

Vessel

Error

Total

Corrected total
Corrected model
Intercept

Gear

Month

Gear * month
hp-days

Vessel

Error

Total

Corrected total
Corrected model
Intercept

Gear

Month

Gear * month
hp-days

Vessel

Error

Total

Corrected total
Corrected model
Intercept

Gear

Month

Gear * month
hp-days

Vessel

Error

Total

Corrected total

Type 1 sum of squares
5061 141.5b
414 947.950
233 166.043
124 604.387
102 830.578
14 199.940
4 583 340.5
4000 976.7
9 477 066.2
963.378

21 890.617d
27 472.774
1279.602
4493.482
2830.191
546.835

12 740.507
19 749.935
69 113.326
41 640.552
574.644¢
145.440
16.036
170.649
37.386
27.998
322.575
492.649
1212.733
1067.293
154.004f
141.502
50.556
27.557
22274
0.209
53.407
93.430
388.936
247.433
738.79SC
1600.308
50.058
369.071
10.119
13.296
286.251
224.883
2563.686
963.378

d.f.
263

1060
1324
1323

167
1878
2082
2081

147

931
930

Mean square F

19 243.884 5.098
414 947.950 109.934
116 583.021 30.887
11 327.672 3.001
4810.481 1.274
14 199.940 3.762
20 190.927 5.349
3774.506 -
107.836 10.254
27 472.774 2612.356
639.801 60.838
408.498 38.844
128.645 12.233
546.835 51.998
76.290 7.254
10.516 -
17.958 4.957
145.440 40.150
16.036 4.427
15514 4.238
5.341 1.474
27.998 7.729
26.881 7.421
3.622 -
4.400 5.228
141.502 168.114
50.556 60.064
2.505 2.976
2.025 2.406
0.209 0.248
4.855 5.768
0.842 -
7.539 27.928
1600.308 5928.560
50.058 185.445
33.552 124.298
2.024 7.497
23.296 86.302
3.578 13.256
0.270 -

Significance
<0.001
<0.001
<0.001
0.001
0.178
0.053
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
0.037
<0.001
0.181
0.006
<0.001

<0.001

<0.001

<0.001
0.002
0.010
0.619
0.000

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Continued
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Table 2. Continued

hp-group Source Type 1 sum of squares

>2000 Corrected model 607.1882
Intercept 934379
Gear 27.691
Month 210.317
Gear * month 0.168
hp-days 3.001
Vessel 365.993
Error 166.645
Total 1718.213
Corrected total 773.834

2r2=0.785 (adjusted r2=0.759).
b2=0 0.558 (adjusted r2=0 0.449).
a2=0 0.767 (adjusted r2=0 0.739).
V =0 0.526 (adjusted r2=0 0.474).
V2=0.538 (adjusted r2=10 0.430).
2= 0 0.622 (adjusted 2= 0 0.503).

Results

Scenarios

In both scenarios, the plaice stock recovered and generally stayed
above Biimi whereas the sole stock generally remained above Blim
(Figure 2). The performance therefore conformed to the manage-
ment goal of the precautionary approach, where the advice should
ascertain that stocks would not drop below these limit reference
points. In scenario 1, however, the initial rise of the spawning
stock was followed by a decline, in contrast to a continuing rise
in scenario 2. Moreover, F could rise steeply in scenario 1 when
stock sizes were already decreasing, requiring drastic reductions
subsequently. In contrast, F remained stable in scenario 2. This
stability closer to the target F resulted in greater population
growth than in scenario 1, and discrepancies between the per-
ceived and true populations were smaller.

In scenario 1, there was overquota fishing ofplaice throughout
the simulation period in at least some Monte Carlo runs (Figure
3), resulting in the perceived catch (=landings) being lower than
the true catch. This is the consequence of target Fs for sole and
plaice not corresponding to similar effortlevels (with the assump-
tion that the sole TACs are adhered to), leading to conflicting
management objectives. Dutch effort increased massively, but it
declined towards the end ofthe simulation period (Figure 4).

In scenario 2, the effort restriction was more often (exceptthe first
year) determined by the plaice assessment than by that for sole
(Figure 5). Despite the effort restriction alternating between being
plaice- or sole-determined, the resulting effort level was fairly
constant over the years (Figure 4). The conflicting level of effort
required to meet the target F's of the two species necessarily led to
perceived “underexploitation” ofone ofthe species (often alternating
between the species among years). This term is used here to mean
exploitation below the target catch forecast, whereas “overexploita-
tion” means exploitation exceeding the target forecast Formally,
there should not be overexploitation in scenario 2, because the
lower oftwo efforts was always used. However, there was sometimes
overexploitation because the M P calculated allowable effortbased on
the predicted spawning-stock biomass, whereas the true spawning
stock was sometimes larger, leading to higher catches than predicted.

In scenario I, simulated prices first decreased and then rose,

whereas they dropped first and then stabilized in scenario 2

S. B. M. Kraak et al.

d.f. Mean square F Significance
68 8.929 30.274 <0.001
1 944.379 3201.857 <0.001
1 27.691 93.885 <0.001
11 19.120 64.824 <0.001
2 9.309E—02 0316 0.729
1 3.001 10.176 0.002
53 6.906 23.413 <0.001
565 0.295 - -
634 - - -
633 -

(Figure 4). Netrevenues followed the development ofthe landings
1, they
increased but then declined, whereas they continued to rise in
scenario 2 (Figure 4).

(mirroring the development of the prices): in scenario

Comparative evaluation

We selected a range of evaluation criteria (Table 3) to review and
compare the results ofthe two scenarios. In terms ofthe sustainable
exploitation ofthe stocks, both management regimes generally led
to avoidance oflimitreference points. Scenario 2 performed slightly,
but significantly, better than scenario 1: for sole, scenario 2 never
violated whereas scenario 1 did so occasionally. For plaice,
scenario 2 violated B”m less often than scenario 1. Mean landings
did not differ significantly, but the annual variation in sole landings
was lower in scenario 1, and in plaice landings lower in scenario
2. From an economic perspective, scenario 2 appeared to perform
better than scenario 1, with significantly higher net revenues in
both the short and the long term. These higher net revenues seem
to be due to lower variable costs at lower effort Although net
revenues over the whole period were similar, the net revenues in
scenario 2 did not decline during the latter part of the simulation
period, suggesting that ifthe simulation period had been prolonged,
scenario 2 would have also yielded higher net revenues over the
whole period Economic stability between years was similar in the
two scenarios. With respect to management, scenario 2 was more
stable, requiring effort restrictions to vary annually by only 4% on
average, whereas TACs varied annually by 14% and 12% for sole
and plaice, respectively.

Shrinkage

In scenario 1, the perception ofstock development lagged several
years behind their true development (Figure 2). This can be seen
more easily when the true population and the perceived popu-

lation estimates from each Monte Carlo run

are compared
(Figure 6a). Because of this lag, there was a cyclical alternation
ofunderestimation and overestimation.

We investigated whether this lag was caused by shrinkage, a
technical setting in the XSA assessment model affecting the esti-
mated F in the most recent years. The setting used traditionally

in routine ICES assessments of North Sea plaice and sole is
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defined Flim for sole.
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Figure 3. The proportion of Monte Carlo runs in which the plaice
catch exceeded the plaice TAC in scenario 1, 2002-2015.

based on shrinking the most recent F estimate to the mean over the
preceding 5 years (with s.e. of 0.5; ICES, 2004), to account for
uncertainties in the non-converged part of the VPA. The choice
ofa specific degree of shrinkage reflects a trade-offbetween uncer-
tainty and bias in the estimate of F. Therefore, the consequence of
strong shrinkage is that actually realized changes in F in recent
years are partly overruled by values of F in the more distant
past For comparison, we carried out 100 Monte Carlo nms with
identical settings, except that F was shrunk less strongly towards
the recent average (over 3 years with s.e.=2.0). In this case
(Figure 6b), the discrepancy between perceived and true popu-
lation size was reduced markedly and the cycles disappeared.
Therefore, the lag in perception of the true population develop-
ment and the cyclical alternation of under- and overestimation

appear to be caused by the strong shrinkage setting. Under low
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catch forecast determined the effort restriction in scenario 2,
2002-2015.

shrinkage, spawning stock and F of the two species remain more
stable (Figure 7). Although scenario 2 was run with the same
strong shrinkage as scenario I, there was no indication of cycles,
because management stabilizes effort directly, and if F does not

vary over time, shrinking to the mean has no additional effect.

Discussion
Assumptions
The construction of the true population was based on similar
assumptions and the same equations as those used in the assess-
ment ofthe perceived population. This may easily lead to overcon-
fidence in the results, and must be acknowledged as a possible
weakness in this type of analysis.

Moreover, the true natural mortality, maturity-at-age, and his-
torical weights in the OM are assumed to be known in the MP,

which is, of course, never the case. The same applies to the true
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Table 3. Performance with respect to biological, economic, and management evaluation criteria for the two scenarios.

Parameter

Biological criteria for sole

Frequency F> Fpa (target F; %)

Frequency B < BKm (%)

Mean (true) landings ('000 t)

Mean absolute difference in landings between two consecutive years (%)
Biological criteria for plaice

Year of recovery (>75% of runs with B> Blim)

Frequency F > Fpa (target F; %)

Frequency B < B,jm from 2004 on (%)

Mean (true) landings ('000 t)

Mean absolute difference in landings between two consecutive years (%)
Economic criteria

Mean net short-term revenues (2003-2005; Cmillion)

Mean net long-term revenues (2013-2015; “million)

Overall mean net revenues (2003-2015; €million)

Mean absolute difference in net revenues between two consecutive years (%)

Management criteria

Mean absolute difference in management measure between consecutive years (%)

Scenario 1 TAC Scenario 2 effort

restriction

51.6 15.2
1.9 0.0
266 258
14.3 16.5
2004 2004
74.2 36.0
45 1.8
1130 1209
11.5 7.2
378 400
444 514
1984 2049
9.3 9.2

Sole TAC 14.3 Plaice TAC 12.3 Allowable effort; 3.6

Emboldened scores are significantly better than the score in the alternative scenario (t-test assuming equal variances, p < 0.05; proportions are

arcsine-square-root transformed; no Bonferroni correction).

catch composition. The implicitbutunrealistic assumption here is
that the market-sampling programme gives precise estimates of
the age composition of the landed catch. Another assumption is
that the age composition is the same in the landed and the dis-
is

carded overquota catches. This an unrealistic assumption,

because fishers may high-grade and selectively discard small fish

of low value when approaching exhaustion of their quota.
(@)
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ro 10000
-10000-
-20000
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0 '—Rhim 1M «»«
® -10000H
@
-20000
2000 2005 2010 2015

Consequently, the potential sources of variation and bias are
underestimated in the approach, and the results may be overopti-
mistic with regards to how well the MP is able to monitor the true
development of stocks. Moreover, there are other simplifications.
For instance, historical recruitment series of sole and plaice
appear to be correlated, whereas the projected recruitment of the

two species in the simulations was uncorrelated.
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Figure 6. The difference between true and perceived estimates of 8 of 10 M onte Carlo runs of scenario 1. Left panels, sole; right panels, plaice.

Positive values mean that the perceived population is underestimated compared with the true population. Variability in the Monte Carlo runs

comes from recruitment and sampling error, (a) With strong shrinkage (over 5 years, s.e.= 0.5). (b) With weak shrinkage (over 3 years,

s.e. = 2.0).



706

Low shrinkage

100000-

Sole
A 80000-

C 60000 -

o

% 40 000 -

20000 -

0.6 - Sole

0.4 -

0.2 .
0.1 1

0.0

Plaice
400 000 -

¢) 300000-

200000 -

Plaice

0.4

0,0

2002 2007 2012

Figure 7. Scenario 1 with weak shrinkage (over 3 years, s.e. = 2.0). See
legend of Figure 2 for full explanation.

An important restriction of this comparative analysis of two
management scenarios is that many of the underlying data are
based on the present behaviour ofthe fleets, which is a response
to the present management system (single-species TACs). For
instance, catch rates may change when single-species TACs are
replaced by effort restrictions, because fishers will gain additional

freedom to target individual species, and this may affect the

S. B. M. Kraak et al.

direction in which a fishery develops. We have assumed that the
fishery will not change from a sole-targeted one, but this cannot
be guaranteed. In fact, the assumption that the sole TAC drives
the plaice catch is a simplification, because a small part of the
Dutch fleet fishes in an area where sole catches are negligible.
Moreover, under effort restrictions, fishers may also maximize
their profit by improving effort characteristics that are not
restricted and increase the catchability (the so-called “technology
2001; Ulrich et al, 2002;

Rijnsdorp etal, 2006). W hen this happens, parameters ofthe pro-

creep” phenomenon; Pascoe efr al,

duction functions change over time, and effective catches for a
given amount of effort will differ from expected catches.
Another assumption relates to the behaviour of fishers with
regard to high-grading. Under the existing single-species quota
regime, catches may be higher than landings because of high-
grading and discarding of overquota catches. Under effort restric-
there is no

tions, incentive for high-grading and overquota

discarding, so landings-per-unit-of-effort may increase.
However, the production functions are based on (historical) land-
ings data only, whereas they are used in the model for generating
catch data In reality, catches are likely to be bigger than the land-
ings, which could cause underestimation of modelled catches.

The discarding of undersized plaice has been ignored in this
analysis. Because of the different body shapes of sole and plaice,
the selectivity of the prescribed 80 mm mesh size is very different
forthe two species. The 50% retention length in these nets is 27 cm
for sole (minimum landing size 24 cm), but 18 cm for plaice
(minimum landing size 27 ¢cm). This implies that large quantities
of undersized plaice are caught and discarded. Discard estimates
were not available at the time of this study, but have recently
been included in the plaice stock assessment even though their
reliability is questionable (ICES, 2005). By neglecting the dis-
carded fraction, the implicit assumption is that only fish above
the respective minimum landing sizes are caught Keli and
Bromley (2004) pointed out that taking management decisions
for North Sea plaice based on simulations without accounting
for discarding leads to incorrect perceptions ofstock development.
However, the available estimates are based on crude extrapol-
ations, and their incorporation might easily lead to unreliable
results. Dickey-Collas et al (2007) found that the inclusion of
noisy discard estimates may make population trends hard to
track with XSA. Although we acknowledge that assessments may
be improved, this should not devalue the comparative value of
the two scenarios assessed without these complications.

We also assumed full compliance to the management measures
(allowing for legal discarding ofoverquota plaice catch in scenario
1). In reality, compliance with TACs may be a function ofthe dis-
crepancies between the TACs set in consecutive years. W ithout
directed research into fishers’responses to management measures,
it is problematic to incorporate implementation bias into amodel.

The technical interaction between sole and plaice in the Dutch
beam trawl fishery is taken as a proxy for the linkage between the
two species in all fisheries. This assumption imposes friction with
another assumption that Dutch catches can be multiplied by
fixed but different factors to arrive at the respective international
catches (1.35 for sole, 2.25 for plaice). The friction arises because
the different multipliers imply that, internationally, more plaice is
caught than can be accounted for by the mixed-fishery
interaction.

We further assumed that future management decisions were

based on fishing at a target F' that equals the respective Ppa (for
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both species in the TAC scenario, and for the species requiring
stronger effort-restriction in the effort-regulation scenario). In
reality, the EC management plan for North Sea plaice and sole
adopted in 2007 and implemented for the first time in 2008 pre-
scribes target Fs that are reduced by 10% each year until the
final objectives of F = 0.3 for plaice and F = 0.2 for sole will have
been reached. With this plan becoming operational, the stocks
should recover more quickly and lower Fs would be realized.
However, because our study was carried out before the new man-
agement plan existed, we did not incorporate any adjustments of
target F in the simulations, which may have led to a more pessi-
mistic development than the new plan would allow for. An
earlier version ofthe current managementplan has been evaluated
by Machiels (2007) and the Scientific, Technical, and
Economic Committee for Fisheries (STECF, 2006), through simu-

et al

lation studies similar to this one.
Ulrich et al.
mixed-flatfish fishery ofthe North Sea, also including economics.

(2002) undertook a comparable study on the

Theymodelled individual fleets, included discarding ofundersized
fish, and assumed that F is proportional to effort Similarly, the
simulation study that evaluated the draft EC management plan
(Machiels et al,, 2007) assumed a proportional relation between
effort and F. However, this assumption seemed problematic in
the evaluation by STECF (2006). To our knowledge, a pro-
portional relationship between effort and F has not been convin-
cingly demonstrated. On the contrary, the relationship varies in
response to technical, environmental, and behavioural factors
(Rijnsdorp et al., 2006). The last authors noted that through
optimization behaviour offishers, fishing mortality can be affected
less than proportionally by effort reductions. We therefore believe
that a production function based on the idea that a fishery faced
with management restrictions will cancel the least profitable
trips first is a more realistic approach. However, although we
introduced economic data to mimic changes in fleet behaviour
in response to management, the approach is still simplistic. In
practice, species compositions of the catch may change outside
the simulated range in response to the management strategy
chosen.

Another limitation is the lack ofsensitivity tests to evaluate the
robustness ofour conclusions by varying the various assumptions.
Itis clear that there is a tension between the level ofdetail that may
seem desirable and the level that can be provided when specifying,
conditioning, and validating OMs in management evaluation
studies (Pastoors et al, 2007).

To put all these assumptions into perspective, we stress that
scenario 1 is supposed to reflect largely the management system
as it has been in place until and including 2007. The outcomes
ofour simulations suggest that this system would guarantee that
both stocks are managed effectively in avoiding the lim it reference
points, and that the TAC system is a safeguard against overexploi-
tation. However, this statement contrasts sharply with the recent

perceptions of the developments in both stocks, suggesting that

scenario 1 is too optimistic as a representation of the recent
regime.
Shrinkage

For many demersal stocks in northern Europe, the use of strong

shrinkage of F towards the recent 5-year mean has been a
common practice until recently. For North Sea plaice and sole,
this practice has changed recently (ICES, 2007), when the results

of the simulations reported here were made available to the

assessment working group in an earlier draft (Kraak et al,
2004). Our analysis shows that if F varies markedly, as in scenario
1, the use ofstrong shrinkage induces q'dical developments in the
stock. This instability is caused by the perception ofthe stock being
always out of phase with the true state. Shepherd (1999) commen-
ted that shrinking F to the recent mean might cause conflict with
strong signals in the surveys, particularly if catch data are inaccur-
ate. However, such a conclusion misses the point that even if the
catch is well sampled and there are no strong signals in surveys,
shrinkage may introduce a greater bias than the uncertainty orig-
inating from the unconverged part of the VPA that it is trying to
avoid. Importantly, the strength of the shrinkage chosen reflects
a trade-off between bias and uncertainty (Dickey-Collas et al,
2007). In our simulations, many sources of uncertainty were
absent (as explained above), but in ICES assessments, total uncer-
tainty may be substantial.

The bias has marked effects on the advice and corresponding
management measures. During a period with a strong trend in
F, shrinkage results in a discrepancy in the perception of the
2007).

Therefore, the advice, and the measures taken, will be inappropri-

true state of the stock (see also Dickey-Collas et al,
ate relative to the reference points aimed for, and always lag
behind, leading to overshoots and undershoots. These problems
may explain the retrospective bias often observed in assessments.
They may also lead to unwelcome and unnecessary variations in
TACs, so undermining the credibility of the scientific advice (by
causing large retrospective change) and prohibiting implemen-
tation of timely and stable management measures. As recovery
plans or other conservative measures are often associated with
strong reductions in F, as intended by the adopted EC manage-
ment plan for North Sea plaice and sole, the perception of
success of such plans would be jeopardized if shrinkage of F to

the mean were applied.

Comparison of the two scenarios
This simulation exercise was undertaken to explore the method-
ologyand to gain insightinto the question ofhow alternative man-
agement scenarios may differentially affect stock development, the
fishery, its economy, and its management The projections are not
meant to be viewed as quantitative stock forecasts or predictions to
be used in North Sea flatfish management (Pastoors et al, 2007).
Rather, the two scenarios represent a qualitative comparison of
two management systems for a particular set of simplifying
assumptions. The conclusion as to which management scenario
performs best should be viewed as conditional on many restrictive
assumptions, because the conclusions may not hold if some of
these were relaxed or changed.

Based on the evaluation criteria chosen, the effort-management
scenario appears to be more suitable for managing the beam trawl
fishery than the TAC scenario, because it results in a more positive
biological development of both stocks, in higher short-term and
long-term economic profits, and greater stability of annual man-
agement measures.

Although both scenarios generally led to sustainable exploita-
tion (i.e. they kept F below Flim, and the spawning stock above
5|,m), effort management did so slightly better and led generally
effort. This is

effort-restriction implemented was tuned to the species most in

to larger stocks and lower because the

need of restriction, so acknowledging the mixed-species nature
of the fishery. This often resulted in catches of the other species

that were lower than might be taken with the single-species



708

target F (Fpa). This, in turn, was favourable for the development
of that stock, and was paid back later. However, other effort-
management regimes can be envisaged and very different out-
comes expected. For instance, a system aimed specifically at
sustaining the fishery of the most valuable species could easily
lead to overexploitation of the other.

Scenario 1, mimicking the current situation, performed worse
because the sole catch determined effort, whereby the plaice
stock was often overexploited and some plaice catches could not
be landed and did not contribute to revenues. Still, this scenario
is probably overoptimistic as a reflection ofthe current manage-
ment regime, in view of the negative development of the stocks
observed recently under the current management regime.

The development of the stocks was more stable under scenario
2, leading to lower assessment bias and error (lower discrepancy
between perceived and true states of both stocks). Assessment
bias caused by shrinkage reinforces instability. Conversely,
the lack of assessment bias reinforces stability and makes the
advice less sensitive to shrinkage. This should, in turn, lead to
the setting of more appropriate measures (in this case, allowed
effort).

To conclude, many ofthe differences between the scenario out-
comes are attributable to the way the management regimes dealt
with the conflicting target Fs for sole and plaice and the inconsist-
ent fleet effortrequired to execute these Fs. Our study suggests that
a management strategy that occasionally results in perceived
underexploitation ofthe stocks may work best, given the existence
ofassessment error and bias. O ur results also suggest that stability

in fishing mortality reinforces itself, because assessment bias is

lower under greater stability, and corrections become less
necessary.
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Appendix A: equations and symbols used in the model
Equations

Population dynamics

Nia+1.y+1 = (2)
Ni,p,y=Nip- + Nipy-le~z " r-t 3)

M ortality rates
Z'layy = Fiay+ Mi.ayy 4)
hi,ay = Siayfiy (5)

Catch equation
Ciay = Nxax:;zf. (l-e-zw) (6)

ta,y

Stock-recruitment relationship (Ricker)

Ni,r,y = (a,B,-y_re-ftB'm-)eB'-" /2
en,y ~ N(0, of)

of = In(CVf+ 1)

Catch per unit effort models

AiJay =
(Bf- afZj.ay

Yield

Yiy = J 2 O .«yW Ciay
a=r

Spawning-stock biomass

V4
Biy = y~. NiayWS.iayOiay
T

a—

Single-species TAC scenario

Gy — o5y

Ey = a0(M"yy foQfo

Cpy = ajpM p" E"'"

Effort-restriction scenario

Ey = MIN[(aolSM ,,r*"Q g), (« (M ,.,)-*<8,)]

Q.y —aMjyEy*

Cp,y = OipMpyEy!

Economic variables
Pi,
«o .,="(D

RTy = yﬂjiLj,yPi,}v) + Ro,y
Cvy = ac+ gcEy 1000

RN.y = RTy~ Cv,y
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7
®)
()]

(10)

(ID

(12)

(13)

(14)

(15)
(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25).
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Symbols used in equations

Population dynamics

Mortality rates

Catch equation

Stock- recruitment
relationship

Catch per unit effort

models

Parameter

N..y

b ay

M,

bo.

ey

¢/

CV;

UMy

AiJ,,

P.J,

Definition

Numbers of fish of species
/ of age a at the start of
yeary

Age of the plus group;
here, p = 15 years

Total mortality of species i
at age a in yeary

Natural mortality of
species / at age a in yeary
Fishing mortality of species
/ at age a in yeary

Year effect of fishing
mortality of species i in
yeary

Selection pattern of species
;at age a in yeary

Catch in numbers of
species i at age a in yeary
Age at first recruitment to
the fishery; here, r = 1 year

Spawning-stock biomass of
species 7 in yeary
Constants; for i = sole
a,=5.1055, #i=0.0000168,
and for i = plaice aj = 3.81,
i =0.00000331 (estimated
as explained in Appendix
B)

Recruitment residual of
species i in yeary
Standard error of
recruitment residuals of
species /

Coefficient of variation of
recruitment; for / = sole
CV,=0.5, and for ;=plaice
CV;=0.35 (estimated as
explained in Appendix 6)
Cpue of species i by fleet f
at age a in yeary

Cpue of species / by fleetf
at age a adjusted to start
of yeary

Averaging factor of species
i for fleet f relating the
population
abundance-at-age a during
the time at which the
catch was taken to the
population
abundance-at-age a at the
beginning of the yeary
Catchability, relationship
between cpue and
numbers of species i for
fleet f at age a (source
explained in Appendix B)

Continued

Continued

Yield

Spawning-stock

biomass

Single-species TAC
scenario and
effort-restriction

scenario

Economic variables

Parameter

ft

Wa,a,y

by

Ws,;,.y

Qy

Qy

s (subscript)
p (subscript)
<0, /ft Oos,

aap, 31 fo, ay
ft. «p. ft,

by
Cvy

a, ft

BTy

S. B. M. Kraak et aL

Definition

Start of the period of
fishing of fleet/, at 0.66 of
the year

End of the fishing period
of fleet/ at 0.7S of the
year

Standard error of cpue
residuals of species i of
fleet/at age a (source
explained in Appendix B)
Body mass in the catch of
species i at age a in yeary
Total catch mass of species
i of all ages in yeary

Body mass in the stock of
species i at age a in yeary
Proportion mature of
species / at age a in yeary
Fishing effort in million
hp-days in yeary

8 of species / in yeary
relative to the B of that
species in the reference
year(2002)

Catch forecast (tonnes) of
species i for yeary, using
the equation for yield Y
Catch (tonnes) of species
iin yeary

Sole

Plaice

Constants; a 0= 0.0009786,
ft=1.177,

a(j =0.00011698,
aOp=0.00001882,

o = 14087, 3 p =1.4578,
as=628.637, ft =0.7105,
ap =916.432 and

ft =0.8496 in scenario 1,
ap = 1747.43 and

ft =0.6853 in scenario 2
(estimated from
regressions as explained in
the main text)

Dutch price in euros per
kg of species i in yeary
Dutch variable costs in
1000 euros in yeary
Constants; ac = —1.629
and ft= 1.4355 in scenario
1, ac=0.4715 and

ft = 1.4021 in scenario 2
(estimated from
regressions, see main text)
Dutch total revenues in
thousand euros in yeary

Continued
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Continued

Parameter Definition

Dutch net revenues in

thousand euros in yeary

Uy Dutch landings of species i
(tonnes) in yeary

Lf Dutch landings of species i
(tonnes) in reference year
(2002); L°=10 611 and Lp
26 977 in scenario 1,

I, =10611 and L°26 668 in
scenario 2 (from LEl data)

Pf Dutch average price in
euros per kg of species / in
reference year (2002);
P°=9.26 and P° = 1.86
(from LEI data)

e Price elasticity of species /;
es=—03 and ep = —0.2
(after Nielsen, 1999)

Roy Dutch revenues from other
species in thousand euros
in yeary

RS Dutch revenues from other
species in reference year
(2002) in thousand euros;
R° =46 385 (from LEI data)

E° Dutch fishing effort in
reference year (2002) in
million hp-days; £° = 53.569
in scenario 1, £°=53.346 in
scenario 2 (from LHI data)

Appendix B: input data
The input data required for the OM are:

(i) Initial (1957) population numbers-at-age
ICES (2004);

(Niaty); from

(ii) Natural mortality-at-age M (Mijap); assumed constant
(ICES, 2004);

(iii) Maturity-at-age (0;_ajy); assumed constant (ICES, 2004);

(iv) Mean weight-at-age of fish in the stock (WSi>g),) and in the

1957-2001 ICES
(2004); for the years 2002-2015 the running average over

catch {Wec,iay)! for the period from

the previous 3 years;

(v) Selection pattern (relative F-at-age, for 1957-2001
absolute F-at-age values from ICES (2003); for 2002—2015

assumed constant as the average overthe period 1997-2001;

(vi) Recruits (N;j0,); for 1957-2001 from ICES (2004); for
2002-2015 according to a Ricker model with a lognormal
error distribution (determined by regressing recruits on
SSB based on 1957-2001 data; standard deviations chosen

of the

Recruitment in the period 2002-2015 is a source of varia-

through visual inspection resulting variation).

bility between simulation runs.

(vii) Yield (Y~r); for 1957-2002 from ICES (2004); from 2003 on
the yield is determined by the management decision set in

the previous year.

From these input data, the following quantities are calculated
for both (C,;01,),
numbers-at-age F2 8 (Fiz-s.y), and

stocks by year: catch-at-age

(F1fi,

population
F-at-age
spawning-stock biomass (Biy).

The input required for the MP (as required by XSA) is as
follows.

(i) Perceived catch-at-age; equal to true catch-at-age in the OM
for sole, and for plaice if the true catch did not exceed
the TAC; otherwise equal to the TAC with the same age

composition;
(i) Perceived M; equal to true M in the OM;
(iii) Perceived maturity-at-age; equal to true maturity in the OM;

(iv) Perceived weight-at-age of fish in the stock and in the
catch; averages of true values of the previous 3 years in
the OM.

In addition, for each species, two catch per unit effort (cpue)
series (I/Tifjnjy) are generated for tuning, from true N-at-age, true
(qiia
without a power model. Both series are set to take place in late

M -at-age, true F-at-age, and catchabilities see below),
summer, taking into account the proportion of the year the fish
have been exploited (survey starts at 0.66 and ends at 0.75).
Cpue series 1 commences in 1984 and involves ages 1-9, and
1982 and

Catchabilities q.yjQ and their standard errors (pjsa are given in

series 2 commences in involves ages 1-3.
Table Bi. These values are taken from existing research vessel
survey tuning series (ICES, 2003), except for ages 2-9 of sole
series 1, which are from a commercial fleet (ICES, 2004). The gen-
eration of tuning series with random error contributes a second
source of variability between simulation runs.

In the MP, the annual assessment is performed by XSA, using
the perceived data, with the settings for both stocks as used in
ICES (2004) for plaice. For runs with low shrinkage, the s.e. has
been set at 2 (as opposed to 0.5 for default runs) over 3 years
(as opposed to 5 years for the default runs). The assessment gen-
erates values for perceived F-at-age, perceived N-at-age, perceived
F2 8, and perceived B up to the last data year. Short-term forecasts
were run, under the assumption that F2_8in the intermediate year

equalled F2_gin the previous year, and with the respective target

Table Bi. Catchability (q,y0) and standard error (<pjsa) of cpue

series 1 and 2 for sole and plaice.

Age a Sole as species / Plaice as species /

Via* Vida Pia* <Pid*
1 8.89  0.29 394 0.8 729 0.54 247 037
2 622 0.50 492 031 7.70 031 3.62 043
3 527 024 5.57 050 8.62 0.24 493 049
4 5.11 0.22 - - 948 021 -
5 509 022 - - 10.13 022 - -
6 527 019 - - 1045 028 - -
7 531 0.26 - - 10.73 029 - -
8 5.31 0.27 - - 10.76  0.34 - -
9 5.31 0.20 B - 11.08  0.38



Fs (0.4 and 0.3 for sole and plaice, respectively) for the TAC year.
The selection pattern in the TAC year and the intermediate year
was assumed to be equal to the average over the previous 3
years. These forecasts generate a predicted B for the start of the

TAC year and 1 year later and the forecast catch for the TAC

S. B. M. Kraak et al

year. Note that in reality in 2004 the age range for F as well as
the pa reference points changed (ICES, 2005); we used the
values before that change (ICES, 2004).

doi:10.1093/icesjms/fsn045
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Introduction
Management by total allowable catches (TACs) of species caught

with effort limitations, it is currendy not clear whether the
fisher)' will be restricted by TACs
Therefore, it is worth investigating the potential effects on the

or by effort limitations.
in mixed fisheries is problematic because the quota of different

species may be exhausted at different rates. Fishers are therefore stocks and on the viability of the fisheries of a management

faced with a dilemma when the quota for one species is exhausted:
stop fishing and underutilize the quota for other species, or con-
tinue fishing and discard or illegally land overquota fish (Daan,
1997). When they choose the latter option, the target fishing mor-
tality (F) implied by the TAC will be exceeded, and the scientific
basis for stock assessment and future management advice will be
compromised if the stock assessment is based on official landings
data alone (assuming that these equal the catches).

In the North Sea, a large proportion of the landings of plaice
(Pleuronectes platessa) and sole (Solea solea) comes from the
Dutch beam trawl fishery in the form of a mixed -catch.
However, exploitation of the two stocks is managed separately,
and the TAC management does not account for their technical
and economic interactions (Piet and Rice, 2004). Even the new
EC management plan for North Sea plaice and sole (EC, 2007),
which was adopted in 2007 and implemented for the first time
in 2008, considers the TACs for the two
Although the

obvious. An effort-management system is a possible alternative.

species separately.

problem is well known, the solution is less

Although the EC plan complements the two single-species TACs

system that restricts effort.

Simulations of exploited populations and management pro-
cedures provide insight into the sensitivities of a system to differ-
ent management regimes, even if the ultimate management
performance cannot be predicted (Butterworth and Punt, 1999;
Sainsbury et al., 2000; Keli ef al,, 2002, 2005; Punt et al., 2002;
Ulrich et al., 2002; Harwood and Stokes, 2003; Pastoors et al.,
2007). We
“true” population and a “perceived” population, as well as a feed-

developed a simulation framework containing a

back loop between the two. In the simulation, data collected each
year from the true population serve as input to the annual stock
assessments. As the data collection and the assessment procedures
introduce error, the resulting perceived population deviates
from the true population. It is the perceived population that
drives the management decisions. These decisions are then
imposed on the true population in the nextyear ofthe simulation.

Building on earlier work (Ulrich ef al, 2002; Machiels et al,
2007; Pastoors et al, 2007), we attempt to

mixed North Sea flatfish fishery and to explore and understand

characterize the

the potential effects of alternative management regimes.

® 2008 International Council for the Exploration of the Sea. Published by Oxford Journals. All rights reserved, For Permissions, please

email: journals.permissions@ oxfordjournals.org
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The simulation framework was based on Keli et al. (2002) and Keli
and Bromley (2004), but with the addition of economic consider-
ations. Although the economic impact ofalternative management
strategies has been analysed for various fisheries (e.g. Frost, 1997;
Sutinen, 1999), simulations have rarely been used (de Wilde, 1999;
Salz and Frost, 2000; Pascoe et al., 2001; Ulrich et al, 2002),
because this requires economic data by fleet or preferably even
by individual vessel and trip.

We report on two scenarios here, one reflecting current man-
agement by TACs, and one based on effort restrictions. The
management goals for both scenarios were set according to
the precautionary approach to fishery management, although
the new EC management plan formulates different objectives,
such as target fishing mortalities. The precautionary approach
provides the framework for management advice delivered by
the International Council for Exploration of the Sea (ICES,
2001). It requires that to have stocks and fisheries within safe
probability should be high that the
[£ (although the ICES jargon tra-

ditionally uses the symbol SSB for spawning-stock biomass,

biological limits, the

spawning-stock biomass

we use B for consistency, because Bijm and £ pa also refer specifi-
cally to spawning-stock biomass)] is above a limit value (called
Blim) below which
addition, the probability should be high that fishing mortality
(F) is below a limit value (called F[im) that will drive B to

recruitment may become impaired. In

Because of uncertainty in the annual estimates of B and

F, ICES has defined more conservative (precautionary) oper-
ational reference points, Bpa and Fpa (the subscript pa standing
for precautionary approach). When a stock is estimated to be
above Bpa, the probability should be high that in reality it is
above *Alim- Similarly, when F is estimated to be below Fpa, the
probability should be high that in reality it is below Flim. This
management framework is therefore risk avoiding and does
not target reference points such as MSY. In practice, Fpa is
often used as a de facto target F, because the TAC advice is
usually the catch that is forecast under Fpa. Therefore, the
advice is simulated corresponding to Fpa and the TACs and
effort restrictions are set accordingly. Note that, whereas in
reality the adrice is not always followed, in our simulations it is.
The objective ofour study was to monitor the two management
scenarios over annual time-steps, and to evaluate their perform-
ance with respect to biological (e.g. sustainable stock develop-
ment), economic (e.g. net revenues), and management criteria

(stability of management measures).

Methods
The model was implemented in the FishLab simulation framework
[the version used here is held by the first author; the FishLab
framework is no longer maintained, because it has been trans-
ferred to FLR (Keli et al, 2007)], representing a set of dynamic
link libraries (DLLs) that can be called from within Excel (Keli
2002, 2005). The listed

A. Simulations were run in a “Monte Carlo” set-up (x 100) to

et al., equations are in Appendix
evaluate the variability in the final outcomes. The structure of

the model is illustrated in the flow diagram (Figure 1).

Basic model
The model consisted oftwo main parts: the operating model (OM)
simulated the true system, and the management procedure (MP)
simulated the perceived

system and associated management

decisions. The OM represented two age-structured populations

S. B. M. Kraak et aL

that mimicked North Sea sole and plaice, respectively. These

populations were developing in annual time-steps from a starting

population in 1957, given annual recruitment and mortality
(F and natural mortality M ). The MP simulated (i) annual obser-
vations taken from the populations, such as commercial

catch-at-age data and tuning series, (ii) annual stock assessments
by XSA (extended survivors analysis; Darby and Flatman, 1994)
and associated catch forecasts, and (iii) annual management
decisions depending on the scenario. The XSA method, a cali-
brated variant of virtual population analysis (VPA), is currently
used to assess flatfish (ICES, 2007).

In the MP, the annual “target F ' (the fishing mortality averaged
over ages 2-8, i.e. F2_g) was set according to the Fpa determined by
ICES: 0.4 for sole and 0.3 for plaice (ICES, 2004). In the TAC scen-
ario, the catch forecast under Fpa of each species was set as the
respective TAC. In the effort scenario, the catch forecasts under
*Fpa were translated into an allowable effort in the economic sub-
model (see below). All options in the simulated assessment and
forecast procedure matched those used by ICES (2004), and set-
tings were maintained for the entire simulation period. This is
contrary to common practice of ICES Working Groups, which
may make small changes to the settings each year.

The simulation consisted ofa historic part spanning the years
1957 to 2002 and a projected part from 2003 to 2015.

Therefore, 2002 was the first year in which an assessment was

from

carried out leading to a management decision for the next year.
From 2003, F was affected by the management decision made
the year before, through a feedback loop. The technical interaction
the Dutch beam

assumed to reflect the linkage between the two species in all fish-

between sole and plaice in trawl fishery was
eries. Neither catching nor discarding of undersized fish was
assumed to take place. Appendix B gives a detailed description
ofthe input data in the basic model.

Economic submodel
The economic submodel was constructed to calculate the annual
removals by the fishery, as well as costs and revenues. Economic
parameters were obtained from an analysis of logbook data and
data on costs and revenues by the LEI panel, a sample representing
25% ofthe Dutch fleet. The price-elasticity parameters ofsole and
plaice were based on Nielsen (1999). For the effort scenario, the
submodel also functioned as a means to calculate the management
decision, i.e. the allowable effort, from the catch forecasts under
Fpa. The calculations were done through Cobb-Douglas pro-
duction functions, the derivation ofwhose parameters is explained
below. The spawning-stock biomasses of the two species and the
Dutch portions of their respective catch forecasts in each year
served as input for the economic submodel, which then calculated
the associated annual true catches (see below). The calculated
catches (after raising them back from the Dutch to the inter-
national level) were output and fed back into the basic model, as
realized removals in the OM. Revenues were calculated from the
landed catches and the prices per kilogramme, the latter being
dependent on the landings, but subject to price elasticity. The
price-elasticity model causes revenues to fluctuate less than land-
ings. The costs were calculated from the effort deployed.
Equations and parameters are listed in Appendix A.

The economic submodel was designed as a short-term model to
predict adjustments within the existing fleet in response to man-
agement policies. For individual vessels, responses would consist

of adjustments in seasonal or spatial effort allocation, in the use
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“TRUE'- WORLDCOM)

True fish
populations

True fisher
behaviour

Assessment o f
population
Data XSA + forecast

S2

Management
decision nextyear

TACs

Figure 1. Flow diagram of the simulation. The thick arrows mark where calculations in the economic submodel are carried out, denoted by

steps 1, 2, and 3, as explained in the main text. SI and S2 denote scenarios 1 and 2, respectively.

of gears, or in the number of effective sea-days. Fishers were
assumed to maximize their net revenues per unit ofthe restricting
factor. In the TAC scenario, the restricting factor was taken to be
the weighted value of the individual transferable quotas (ITQs)
of sole and plaice, a value calculated by multiplying the sole and
plaice ITQs with fixed average prices, then summing the products.
Hence, fishers were assumed to maximize their net revenues,
divided by the weighted value of the ITQs the)' used during that
trip. In the effort-restriction scenario, fishers were assumed to
maximize their netrevenues per day at sea The basic assumption
was that with a management restriction on the fishery, the least
efficient trips (those with lowest net revenues per unit of the
restricting factor) would be dropped first

To calculate the parameters for the submodel, we used the
Dutch reported landings and effort data and corresponding econ-
omic data by fishing trip for 2002, but to reduce the number of
records in the database, individual trips were grouped by vessel,
month, and gear. These vessel-month-gear groups were sorted
according to descending efficiency, i.e. descending net revenues
per unit of the restricting factor. Subsequently, all records were
cumulated, and landings were regressed against fishing effort
This relationship between effort and landings of each species led
to a differentproduction function for each management scenario,
because fishers were expected to follow a different strategy accord-
ing to the type of restriction.

The exponential regression of landings on fishing effort was
designed as a classical Cobb-Douglas production function of

the form

U = a,BiEp, (D

where I denotes landings, £ the fishing effort in horsepower-days
(hp-days), 5 the spawning-stock biomass, i the species, and a and
S are constants (f < 1). The actual equations and the estimated
parameter values are listed in Appendix A. An important feature
of this production function is that the rate ofincrease in landings
decreases as effort increases. This reflects the assumption that
if the fishery is restricted, the least efficient trips would be

dropped first.

One assumption underlying the economic submodel is that
the efficiency of month-vessel-gear groups is not distributed
randomly, and that fishers may decide to cancel specific
month—vessel—gear combinations to maximize net revenues. An
analysis o fvariance ofthe net revenues per hp-day was performed
to test this hypothesis. Selected explanatory variables were month,
gear, interaction of month and gear, available hp-days per year,
vessel, hp-group of vessel, interaction of gear and hp-group, and
interaction of hp-group and available hp-days. For the entire
fleet, 56% of the variance could be explained by these variables
(Table 1), vessel, hp-group, and gear being the most important.
(Table 2),

varied between 53% for Euro-cutters (engine power <300 hp)

For individual hp-groups the variance explained
and 79% for vessels >2000 hp, and the mostimportant explana-
tory variables were vessel and month. These results make it
plausible that the industry should be able to cancel the least effi-
cient trips when they faced a restriction. Therefore, net revenues
would decrease less than proportionally with the restriction, by
concentrating trips in the most efficient seasons, and by trading
quota or hp-days from less-efficient vessels to more-efficient
ones. In the long term, this may cause less-efficient vessels to be
withdrawn from the fishery.

The variability in net revenues and catches of plaice and sole
among groups of trips is probably less than among individual
trips. This means that we may be underestimating the potential
for fishers to optimize their behaviour, and hence the curvature

of the production functions for the two species.

Scenarios

Scenario 7: TAC management

In this scenario, the two species are managed independently by
single-species TACs. We make the assumption that the fisheries
primarily target sole (the most valuable species by a factor of4-5
in terms of price per kilogramme), and that fishing continues
until the sole TAC has been fully taken, irrespective of the plaice
TAC. In other words, exploitation of sole determines the beha-
viour of the fleets, resulting in under- or overexploitation of the
plaice TAC. We assume that overquota catch of plaice is not
landed,

and therefore not accounted for in the assessment,
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Table 1. Analysis of variance for the whole fleet; test of
between-subjects effects with the dependent variable being net
revenues per hp-day.

Source Type 1 d.f. Mean F Significance

sum of square

squares
Corrected model 524 751a 60 8702.3 9.95 <0.01
Intercept 209 706 1 209 706.0 239.80 <0.01
hp-group 235 545 5 47 109.1 53.87 <0.01
Gear 126 310 2 63 155.0 7222 <0.01
Month 41 056.9 1 3732.4 426 <0.01
Gear * hp-group 106 866 6 17 811.0 20.36  <0.01
Gear * month 88 309.4 2 4014.0 459 <0.01
hp-group *hp- days 17 023.8 6 2837.3 324 <0.01
Vessel 463 240 55 8407.2 9.61 <0.01
Error 409 483 468 874.4 - -
Total 955 206 528 - - -

Corrected total 934 235 528 - - -
V =0.562 (adjusted r2=0.505).

leading to a discrepancy between the true catch and the perceived
catch (“landings). This scenario is thought to approximately
reflect the current situation, although it clearly is a simplification;
not all fleets target sole, and a small part ofthe Dutch beam trawl
fleet even exploits the area north of 55°N, where sole are virtually
absent and the target species is plaice.

The plaice catch taken is calculated from the effort required to
deplete the sole TAC (see below), and may be below or exceed the
plaice TAC. In both cases, the calculated plaice catch is fed back
into the OM as the true catch. If the plaice catch exceeds the
TAC, the landings (“perceived catch) in the MP are equal to the
TAC, otherwise landings are equal to the true catch. The age dis-
tribution of the landings is assumed to be equal to the age distri-
bution ofthe true catch.

Scenario 2: effort management

For this scenario, management is based on the allowable effort.
We decided to simulate a management rule where the allowable
effort is determined by the species for which the catch forecast
imposes the most severe effort restriction. Hence, this effort is
the lower of the two values estimated to yield the predicted
catch under the target F for each species. Of course, managers
may decide to apply a different type of effort-management
regime, e.g. one where the allowable effort is determined by the
catch forecast of the most valuable species, or of the species that
needs least restriction. We did not run simulations of such
management regimes.

The respective catches taken with the allowable effort serve
directly as input for the true catch in the OM, as well as for the
landings in the MP. In contrast to control by TACs, where discard-
ing of overquota catch is implied under full compliance, if the
quotas do not match, compliance under effort control implies
that all fish caught may be landed.

Calculations

Because the parameters of the economic submodel are based on

the Dutch fishery only, it was necessary to scale the forecast
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catches down to the Dutch portions of the total international
catches. Similarly, the catches subsequently taken with Dutch

effort had to be scaled up again to arrive at international
catches. The proportions of the international sole and plaice
catches taken by the Dutch fishery were assumed to be constant
at 74% and 45%, respectively (averages over the period 1995-
2002; ICES, 2004).

The calculation of annual “true” catches and economic results

was performed in three steps.

(i) Using the inverse production functions (listed in Appendix
A), effort was calculated from the spawning-stock biomass
(B) and the Dutch part of the catch forecast under the
target F. In scenario 1, the true effort equals the effort

required to deplete the sole TAC, using the true B in the cal-

culation. In scenario 2, the true effort equals the allowed
effort (the lower estimate of the effort required to deplete
the forecast catch of the two species), using the perceived

B to mimic a management process in which only estimates

are available, but not the true values.

(ii) True Dutch catches taken with the effort determined in step
(i) were calculated, using the true B in the production func-
tions listed in Appendix A. In scenario 1, only the plaice catch
had to be calculated, because the sole catch was set equal to
the TAC. The true Dutch catches were then raised to true
international catches.

(iii) Prices, costs, revenues, and profits were calculated from
Dutch landings and effort, using the costs and revenues func-
tions listed in Appendix A. In scenario 2, landings were
always equal to catches, whereas in scenario 1, potential over-

quota catches for plaice were not landed.

Uncertainty

Uncertainty was explicitly incorporated into the simulation frame-

work, acknowledging the presence of a variety of sources
(Rosenberg and Restrepo, 1994). In the simulation, this uncer-
tainty caused the perception to deviate from the true world.
Sources of error include: process error, attributable to natural
variation in dynamic processes (e.g. recruitment); measurement
error, generated when collecting observations from the popu-
lations; estimation error, arising from estimating parameters of
the dynamic process during the assessment process; model error,
because the true complexity of the dynamics can never be cap-
tured; and implementation attributable to

error, imperfect

implementation, e.g. when TACs are exceeded. In our case,
model error was minimal because the equations used to construct
the simulated populations were the same as those used to assess
Carlo

recruitment around a Ricker

them. Variation among Monte runs came from two

sources: random variability in
relationship, and sampling error in the generation of the tuning
series. Because the time-series of stock .and recruitment data
since 1957 do not provide evidence for one particular stock-
recruitment relationship, the choice of a Ricker relationship was
arbitrary, and we did not test robustness to alternative hypotheses
(Machiels et al., 2007; Pastoors et al, 2007). Considering that
recruitment variation is the major source of process error, we
did not

weight-at-age or selectivity (see Pastoors ef al,, 2007).

include additional forms, such as variability in
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Table 2. Analyses of variance for hp-groups: test of between-subjects effects with the dependent variable being net revenues per hp-day.

hp-group
0-260

261-300

301-800

801-1500

1501-2000

Source
Corrected model
Intercept

Gear

Month

Gear * month
hp-days

Vessel

Error

Total

Corrected total
Corrected model
Intercept

Gear

Month

Gear * month
hp-days

Vessel

Error

Total

Corrected total
Corrected model
Intercept

Gear

Month

Gear * month
hp-days

Vessel

Error

Total

Corrected total
Corrected model
Intercept

Gear

Month

Gear * month
hp-days

Vessel

Error

Total

Corrected total
Corrected model
Intercept

Gear

Month

Gear * month
hp-days

Vessel

Error

Total

Corrected total

Type 1 sum of squares
5061 141.5b
414 947.950
233 166.043
124 604.387
102 830.578
14 199.940
4 583 340.5
4000 976.7
9 477 066.2
963.378

21 890.617d
27 472.774
1279.602
4493.482
2830.191
546.835

12 740.507
19 749.935
69 113.326
41 640.552
574.644"
145.440
16.036
170.649
37.386
27.998
322.575
492.649
1212733
1067.293
154.004f
141.502
50.556
27.557
22.274
0.209
53.407
93.430
388.936
247.433
738.795¢
1600.308
50.058
369.071
10.119 -
13.296
286.251
224.583
2563.686
963.378

d-f.
263

1060
1324
1323

203

11
22

167
1878
2082
2081

146

Mean square

19 243.884

414 947.950
116 583.021
11 327.672

4810.481

14 199.940

20 190.927

3774.506

107.836
27 472.774
639.801
408.498
128.645
546.835
76.290
10.516

17.958
145.440
16.036
15.514
5.341
27.998
26.881
3.622

4.400
141.502
50.556
2.505
2.025
0.209
4.855
0.842

7.539
1600.308
50.058
33.552
2.024
23.296
3.578
0.270

F

5.098
109.934
30.887
3.001
1.274
3.762
5.349

10.254
2612.356
60.838
38.844
12.233
51.998
7.254

4.957
40.150
4427
4238
1.474
7.729
7421

5.228
168.114
60.064
2.976
2.406
0.248
5.768

27.928
5928.560
185.445
124.298
7.497
86.302
13.256

Significance
<0.001
<0.001
<0.001
0.001
0.178
0.053
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
0.037
<0.001
0.181
0.006
<0.001

<0.001

<0.001

<0.001
0.002
0.010
0.619
0.000

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Continued
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Table 2. Continued

hp-group Source Type 1 sum of squares

>2000 Corrected model 607.1883
Intercept 934379
Gear 27.691
Month 210.317
Gear * month 0.168
hp-days 3.001
Vessel 365.993
Error 166.645
Total 1718.213
Corrected total 773.834

V2=0.785 (adjusted r2=0.759).
br2=0 0.558 (adjusted r2=0 0.449).
V2=0 0.767 (adjusted r2=0 0.739).
V =00.526 (adjusted r2= 00.474).
'r2=0.538 (adjusted r2= 0 0.430).
2=00.622 (adjusted r2=0 0.503).

Results

Scenarios

In both scenarios, the plaice stock recovered and generally stayed
above Bjjm, whereas the sole stock generally remained above Bjjm
(Figure 2). The performance therefore conformed to the manage-
ment goal ofthe precautionary approach, where the advice should
ascertain that stocks would not drop below these limit reference
points. In scenario 1, however, the initial rise of the spawning
stock was followed by a decline, in contrast to a continuing rise
in scenario 2. Moreover, F could rise steeply in scenario 1 when
stock sizes were already decreasing, requiring drastic reductions
subsequently. In contrast, ¥ remained stable in scenario 2. This
stability closer to the target F resulted in greater population
growth than in scenario 1, and discrepancies between the per-
ceived and true populations were smaller.

In scenario 1, there was overquota fishing ofplaice throughout
the simulation period in at least some Monte Carlo runs (Figure
3), resulting in the perceived catch (=landings) being lower than
the true catch. This is the consequence of target Fs for sole and
plaice not corresponding to similar effortlevels (with the assump-
tion that the sole TACs are adhered to), leading to conflicting
management objectives. Dutch effort increased massively, but it
declined towards the end of the simulation period (Figure 4).

In scenario 2, the effortrestriction was more often (except the first
year) determined by the plaice assessment than by that for sole
(Figure 5). Despite the effort restriction alternating between being
plaice- or sole-determined, the resulting effort level was fairly
constant over the years (Figure 4). The conflicting level of effort
required to meet the target F's of the two species necessarily led to
perceived “underexploitation” ofone ofthe species (often alternating
between the species among years). This term is used here to mean
exploitation below the target catch forecast, whereas “overexploita-
tion” means exploitation exceeding the target forecast Formally,
there should not be overexploitation in scenario 2, because the
lower oftwo efforts was always used. However, there was sometimes
overexploitation because the M P calculated allowable effort based on
the predicted spawning-stock biomass, whereas the true spawning
stock was sometimes larger, leading to higher catches than predicted.

In scenario 1, simulated prices first decreased and then rose,

whereas they dropped first and then stabilized in scenario 2

S. B. M. Kraak et ai

d.f. Mean square F Significance
68 8.929 30.274 <0.001
1 944.379 3201.857 <0.001
1 27.691 93.885 <0.001
11 19.120 64.824 <0.001
2 9.309E-02 0.316 0.729
1 3.001 10.176 0.002
53 6.906 23413 <0.001
565 0.295 - -
634 - - -
633 -

(Figure 4). Netrevenues followed the development ofthe landings
1, they
increased but then declined, whereas they continued to rise in

(mirroring the development of the prices): in scenario

scenario 2 (Figure 4).

Comparative evaluation

W e selected a range of evaluation criteria (Table 3) to review and
compare the results ofthe two scenarios. In terms ofthe sustainable
exploitation ofthe stocks, both management regimes generally led
to avoidance o flimitreference points. Scenario 2 performed slightly,
but significantly, better than scenario 1: for sole, scenario 2 never
violated 5 ~, whereas scenario 1 did so occasionally. For plaice,
scenario 2 violated B ~ less often than scenario 1. Mean landings
did not differ significantly, but the annual variation in sole landings
was lower in scenario 1, and in plaice landings lower in scenario
2. From an economic perspective, scenario 2 appeared to perform
better than scenario 1, with significantly higher net revenues in
both the short and the long term. These higher net revenues seem
to be due to lower variable costs at lower effort Although net
revenues over the whole period were similar, the net revenues in
scenario 2 did not decline during the latter part of the simulation
period, suggestingthatifthe simulation period had been prolonged,
scenario 2 would have also yielded higher net revenues over the
whole period. Economic stability between years was similar in the
two scenarios. W ith respect to management, scenario 2 was more
stable, requiring effort restrictions to vary annually by only 4% on
average, whereas TACs varied annually by 14% and 12% for sole
and plaice, respectively.

Shrinkage
In scenario 1, the perception of stock development lagged several
years behind their true development (Figure 2). This can be seen
more easily when the true population and the perceived popu-
Carlo ran

lation estimates from each Monte

are compared
(Figure 6a). Because of this lag, there was a cyclical alternation
ofunderestimation and overestimation.

We investigated whether this lag was caused by shrinkage, a
technical setting in the XSA assessment model affecting the esti-
mated F in the most recent years. The setting used traditionally

in routine ICES assessments of North Sea plaice and sole is
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Figure 2. Simulation results. Left panels; historical time-series; middle panels: projected part of the TAC scenario; right panels; projected part

of the effort scenario. Panels from top to bottom: sole B, sole F2_g, plaice B, plaice F2- 8 Solid curves denote the true population, dashed and
dotted curves the population as perceived in the respective year. The mean of 100 Monte Carlo runs ofthe model is shown (thick solid curves

for the true state, dashed curves for the perceived state), bounded by the central 50% range of the values (i.e. the two central quartiles; thin
solid curves for the true state, dotted curves for the perceived state). Variability in the Monte Carlo runs comes from recruitment and

sampling error. Straight thick lines denote Biim or Fntn, respectively, and straight thin lines Bpa or Fpa, respectively. Note that ICES has not

defined Flim for sole.
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Figure 3. The proportion of Monte Carlo runs in which the plaice
catch exceeded the plaice TAC in scenario 1, 2002-2015.

based on shrinking the mostrecent s estimate to the mean over the
preceding 5 years (with s.e. of 0.5; ICES, 2004), to account for
uncertainties in the non-converged part of the VPA. The choice
ofa specific degree ofshrinkage reflects a trade-offbetween uncer-
tainty and bias in the estimate ofr. Therefore, the consequence of
strong shrinkage is that actually realized changes in r in recent
years are partly overruled by values of r in the more distant
past. For comparison, we carried out 100 Monte Carlo runs with
identical settings, except that r was shrunk less strongly towards
the recent average (over 3 years with s.e.=2.0). In this case
(Figure 6b), the discrepanq' between perceived and true popu-
lation size was reduced markedly and the cycles disappeared.
Therefore, the lag in perception of the true population develop-
ment and the cyclical alternation of under- and overestimation

appear to be caused by the strong shrinkage setting. Under low
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panels: projected partofthe TAC scenario; right panels: projected part of the effort scenario. Panels from top
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shrinkage, spawning stock and F ofthe two species remain more
stable (Figure 7). Although scenario 2 was run with the same
strong shrinkage as scenario 1, there was no indication of cycles,
because management stabilizes effort directly, and if F does not

vary over time, shrinking to the mean has no additional effect.

Discussion
Assumptions
The construction of the true population was based on similar
assumptions and the same equations as those used in the assess-
mentofthe perceived population. This may easily lead to overcon-
fidence in the results, and must be acknowledged as a possible
weakness in this type of analysis.

Moreover, the true natural mortality, maturity-at-age, and his-
torical weights in the OM are assumed to be known in the MP,

which is, of course, never the case. The same applies to the true



Effectofmanagement choices on sustainability and economic performance ofa mixed fishery

705

Table 3. Performance with respect to biological, economic, and management evaluation criteria for the two scenarios.

Parameter Scenario 1 TAC Scenario 2 effort
restriction
Biological criteria for sole
Frequency F> Fpa (target F; %) 51.6 15.2
Frequency B < B|im (%) 1.9 0.0
Mean (true) landings (‘000 t) 266 258
Mean absolute difference in landings between two consecutive years (%) 14.3 16.5
Biological criteria for plaice - -
Year of recovery (>75% of runs with B> BMn 2004 2004
Frequency F > Fpa (target F; %) 74.2 36.0
Frequency B < BMnfrom 2004 on (%) 4.5 1.8
Mean (true) landings ('0001) 1130 1209
Mean absolute difference in landings between two consecutive years (%) 11.5 7.2
Economic criteria - -
Mean net short-term revenues (2003-200S; €million) 378 400
Mean net long-term revenues (2013-2015; €million) 444 514
Overall mean net revenues (2003-2015; €miliion) 1984 2049
Mean absolute difference in net revenues between two consecutive years (%) 9.3 9.2

Management criteria

Mean absolute difference in management measure between consecutive years (%)

Sole TAG 14.3 Plaice TAC 12.3 Allowable effort; 3.6

Emboldened scores are significantly better than the score in the alternative scenario (t-test assuming equal variances, p < 0.05; proportions are

arcsine-square-root transformed; no Bonferroni correction).

catch composition. The implicitbutunrealistic assumption here is
that the market-sampling programme gives precise estimates of
the age composition of the landed catch. Another assumption is
that the age composition is the same in the landed and the dis-
carded overquota catches. This is an unrealistic assumption,

because fishers may high-grade and selectively discard small fish

of low value when approaching exhaustion of their quota
(2
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Consequently, the potential sources of variation and bias axe
underestimated in the approach, and the results may be overopti-
mistic with regards to how well the MP is able to monitor the true
development of stocks. Moreover, there are other simplifications.
For instance, historical recruitment series of sole and plaice
appear to be correlated, whereas the projected recruitment of the
two species in the simulations was uncorrelated.
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Figure 6. The difference between true and perceived estimates of Bof 10 Monte Carlo runs ofscenario 1. Left panels, sole; right panels, plaice.

Positive values mean that the perceived population is underestimated compared with the true population. Variability in the Monte Carlo runs
comes from recruitment and sampling error, (a) With strong shrinkage (over 5 years, s.e. = 0.5). (b) With weak shrinkage (over 3 years,

s.e. = 2.0).
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legend of Figure 2 for full explanation.

An important restriction of this comparative analysis of two
management scenarios is that many of the underlying data are
based on the present behaviour of the fleets, which is a response
to the present management system (single-species TACs). For
instance, catch rates may change when single-species TACs are
replaced by effort restrictions, because fishers will gain additional

freedom to target individual species, and this may affect the
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direction in which a fishery develops. We have assumed that the
fishery will not change from a sole-targeted one, but this cannot
be guaranteed. In fact, the assumption that the sole TAC drives
the plaice catch is a simplification, because a small part of the
Dutch fleet fishes in an area where sole catches are negligible.
Moreover, under effort restrictions, fishers may also maximize
their profit by improving effort characteristics that are not
restricted and increase the catchability (the so-called “technology
2001; Ulrich et al, 2002;
Rijnsdorp et al, 2006). W hen this happens, parameters ofthe pro-

creep” phenomenon; Pascoe et al,

duction functions change over time, and effective catches for a
given amount of effort will differ from expected catches.
Another assumption relates to the behaviour of fishers with
regard to high-grading. Under the existing single-species quota
regime, catches may be higher than landings because of high-
grading and discarding ofoverquota catches. Under effort restric-
there is no incentive

tions, for high-grading and overquota

discarding, so iandings-per-unit-of-effort may  increase.
However, the production functions are based on (historical) land-
ings data only, whereas they are used in the model for generating
catch data. In reality, catches are likely to be bigger than the land-
ings, which could cause underestimation of modelled catches.

The discarding of undersized plaice has been ignored in this
analysis. Because of the different body shapes of sole and plaice,
the selectivity ofthe prescribed 80 mm mesh size is very different
forthe two species. The 50% retention length in these nets is 27 cm
for sole (minimum landing size 24 cm), but 18 cm for plaice
(minimum landing size 27 ¢cm). This implies that large quantities
of undersized plaice are caught and discarded. Discard estimates
were not available at the time of this study, but have recently
been included in the plaice stock assessment even though their
reliability is questionable (ICES, 2005). By neglecting the dis-
carded fraction, the implicit assumption is that only fish above
the respective minimum landing sizes are caught Keli and
Bromley (2004) pointed out that taking management derisions
for North Sea plaice based on simulations without accounting
for discarding leads to incorrect perceptions ofstock development
However, the available estimates are based on crude extrapol-
ations, and their incorporation might easily lead to unreliable
results. Dickey-Collas ef al. (2007) found that the inclusion of
noisy discard estimates may make population trends hard to
track with XSA. Although we acknowledge that assessments may
be improved, this should not devalue the comparative value of
the two scenarios assessed without these complications.

We also assumed full compliance to the management measures
(allowing for legal discarding ofoverquota plaice catch in scenario
1). In reality, compliance with TACs may be a function ofthe dis-
crepancies between the TACs set in consecutive years. Without
directed research into fishers’responses to management measures,
it is problematic to incorporate implementation bias into a model.

The technical interaction between sole and plaice in the Dutch
beam trawl fishery is taken as a proxy for the linkage between the
two species in all fisheries. This assumption imposes friction with
another assumption that Dutch catches can be multiplied by
fixed but different factors to arrive at the respective international
catches (1.35 for sole, 2.25 for plaice). The friction arises because
the different multipliers imply that, internationally, more plaice is
caught than can be accounted for by the mixed-fishery
interaction.

We further assumed that future management decisions were

based on fishing at a target F that equals the respective Ppa (for
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both species in the TAC scenario, and for the species requiring
stronger effort-restriction in the effort-regulation scenario). In
reality, the EC management plan for North Sea plaice and sole
adopted in 2007 and implemented for the first time in 2008 pre-
scribes target Fs that are reduced by 10% each year until the
final objectives of F- 0.3 for plaice and F - 0.2 for sole will have
been reached. With this plan becoming operational, the stocks
should recover more quickly and lower Fs would be realized.
However, because our study was carried out before the new man-
agement plan existed, we did not incorporate any adjustments of
target F in the simulations, which may have led to a more pessi-
mistic development than the new plan would allow for. An
earlier version ofthe current managementplan has been evaluated
by Machiels et al. (2007) and the Scientific,

Economic Committee for Fisheries (STECF, 2006), through simu-

Technical, and

lation studies similar to this one.
Ulrich et al.

mixed-flatfish fishery ofthe North Sea, also including economics.

(2002) undertook a comparable study on the

They modelled individual fleets, included discarding ofundersized
fish, and assumed that F is proportional to effort Similarly, the
simulation study that evaluated the draft EC management plan
(Machiels et al., 2007) assumed a proportional relation between
effort and F. However, this assumption seemed problematic in
the evaluation by STECF (2006).
portional relationship between effort and F has not been convin-

To our knowledge, a pro-
cingly demonstrated. On the contrary, the relationship varies in

technical, environmental, and behavioural factors
2006). The last authors noted that through

optimization behaviour of fishers, fishing mortality can be affected

response to

(Rijnsdorp et al,

less than proportionally by effort reductions. We therefore believe
that a production function based on the idea that a fishery faced
with management restrictions will cancel the least profitable
trips first is a more realistic approach. However, although we
introduced economic data to mimic changes in fleet behaviour
in response to management, the approach is still simplistic. In
practice, species compositions of the catch may change outside
the simulated range in response to the management strategy
chosen.

Another limitation is the lack of sensitivity tests to evaluate the
robustness of our conclusions by varying the various assumptions.
It is clear that there is a tension between the level ofdetail that may
seem desirable and the level that can be provided when specifying,
conditioning, and validating OMs in management evaluation
studies (Pastoors et al, 2007).

To put all these assumptions into perspective, we stress that
scenario 1 is supposed to reflect largely the management system
as it has been in place until and including 2007. The outcomes
ofour simulations suggest that this system would guarantee that
both stocks are managed effectively in avoiding the limit reference
points, and that the TAC system is a safeguard against overexploi-
tation. However, this statement contrasts sharply with the recent

perceptions of the developments in both stocks, suggesting that

scenario 1 is too optimistic as a representation of the recent
regime.
Shrinkage

For many demersal stocks in northern Europe, the use of strong

shrinkage of F towards the recent 5-year mean has been a
common practice until recently. For North Sea plaice and sole,
this practice has changed recently (ICES, 2007), when the results

of the simulations reported here were made available to the

in an earlier draft (Kraak er al,

2004). Our analysis shows that if F varies markedly, as in scenario

assessment working group

1, the use of strong shrinkage induces q'dical developments in the
stock. This instability'is caused by the perception ofthe stock being
always out ofphase with the true state. Shepherd (1999) commen-
ted that shrinking F to the recent mean might cause conflict with
strong signals in the surveys, particularly ifcatch data are inaccur-
ate. However, such a conclusion misses the point that even if the
catch is well sampled and there are no strong signals in surveys,
shrinkage may introduce a greater bias than the uncertainty orig-
inating from the unconverged part ofthe VPA that it is trying to
avoid. Importantly, the strength of the shrinkage chosen reflects
a trade-off between bias and uncertainty (Dickey-Collas et al,
2007). In our simulations, many sources of uncertainty were
absent (as explained above), but in ICES assessments, total uncer-
tainty may be substantial.

The bias has marked effects on the advice and corresponding
management measures. During a period with a strong trend in
F, shrinkage results in a discrepancy in the perception of the
2007).

Therefore, the advice, and the measures taken, will be inappropri-

true state of the stock (see also Dickey-Collas et al,
ate relative to the reference points aimed for, and always lag
behind, leading to overshoots and undershoots. These problems
may explain the retrospective bias often observed in assessments.
They may also lead to unwelcome and unnecessary variations in
TACs, so undermining the credibility of the scientific advice (by
causing large retrospective change) and prohibiting implemen-
tation of timely and stable management measures. As recovery
plans or other conservative measures are often associated with
strong reductions in F, as intended by the adopted EC manage-
ment plan for North Sea plaice and sole, the perception of
success of such plans would be jeopardized if shrinkage of F to

the mean were applied.

Comparison of the two scenarios
This simulation exercise was undertaken to explore the method-
ology and to gain insight into the question ofhow alternative man-
agement scenarios may differentially affect stock development, the
fishery, its economy, and its management The projections are not
meant to be viewed as quantitative stock forecasts or predictions to
be used in North Sea flatfish management (Pastoors et al, 2007).
Rather, the two scenarios represent a qualitative comparison of
two management systems for a particular set of simplifying
assumptions. The conclusion as to which management scenario
performs best should be viewed as conditional on many restrictive
assumptions, because the conclusions may not hold if some of
these were relaxed or changed.

Based on the evaluation criteria chosen, the effort-management
scenario appears to be more suitable for managing the beam trawl
fishery than the TAC scenario, because it results in a more positive
biological development of both stocks, in higher short-term and
long-term economic profits, and greater stability of annual man-
agement measures.

Although both scenarios generally led to sustainable exploita-
tion (i.e. they kept F below Plim) and the spawning stock above
fflim)> effort management did so slightly better and led generally
effort. This is

effort-restriction implemented was tuned to the species most in

to larger stocks and lower because the

need of restriction, so acknowledging the mixed-species nature
of the fishery. This often resulted in catches of the other species

that were lower than might be taken with the single-species



target F (Fpa). This, in tum, was favourable for the development
of that stock, and was paid back later. However, other effort-
management regimes can be envisaged and very different out-
comes expected. For instance, a system aimed specifically at
sustaining the fishery of the most valuable species could easily
lead to overexploitation of the other.

Scenario I, mimicking the current situation, performed worse
because the sole catch determined effort, whereby the plaice
stock was often overexploited and some plaice catches could not
be landed and did not contribute to revenues. Still, this scenario
is probably overoptimistic as a reflection of the current manage-
ment regime, in Hew of the negative development of the stocks
observed recently under the current management regime.

The development ofthe stocks was more stable under scenario
2, leading to lower assessment bias and error (lower discrepancy
between perceived and true states of both stocks). Assessment
bias caused by shrinkage reinforces instability. Conversely,
the lack of assessment bias reinforces stability and makes the
advice less sensitive to shrinkage. This should, in turn, lead to
the setting of more appropriate measures (in this case, allowed
effort).

To conclude, many ofthe differences between the scenario out-
comes are attributable to the way the management regimes dealt
with the conflicting target Fis for sole and plaice and the inconsist-
ent fleet effort required to execute these Fs. O ur study suggests that
a management strategy that occasionally results in perceived
underexploitation ofthe stocks may work best, given the existence
ofassessment error and bias. Our results also suggest that stability

in fishing mortality reinforces itself, because assessment bias is

lower under greater stability, and corrections become less
necessary.
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Appendix A: equations and symbols used in the model
Equations

Population dynamics

Nia+\y+l = NiayC Z"r (2)

Ni,p.y = Ni,p-lur_i + Nipey i e~z jrr-’ (3)

M ortality rates

Zia,y = Pray + Nliay 4)
hia.y == Si,ayfiy (5)
Catch equation
Bi.ay
Ci,ay = Ni,a. (6)

'Zi,a.y

Stock-recruitment relationship (Ricker)

Ejy~ N(0, of)

of = In(CV? + 1)

Catch per unit effort models

(Bf — af)Z,.ay

Yield

Yiy — Ci.a.yWce.i.a.y

Spawning-stock biomass

Single-species TAC scenario

Cs.y — Os.y
Ey= aO(Msy)~°0",

Cpy — C(\pMpyE"iF

E ffort-restriction scenario

e, =min[(<*,(m,,,)-kq«), («atfy-SQ g,)]

O,y = asM$.yEf*

Cp,y — apMp,yEyp

Economic variables

B-Ty — y™(E[.yPi,y) + RfO.y
cy.y = oct+ BcEy1000

R-N.y = R-Ty Cy.y
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(7
(8)
©)

(10)

(11)

(12)

(13)

(14)

(15)
(16)

a7

(18)
(19)

(20)

1)

(22)

(23)

(24)
25).



Symbols used in equations

Population dynamics

Mortality rates

Catch equation

Stock-recruitment

relationship

Catch per unit effort

models

Parameter

H,oy

lay

h sy

hy

hay

Cia,y

hy

a, f3,

cv,

UMy

Viioy

Aoy

%.a

Definition

Numbers of fish of species
iof age a at the start of
yeary

Age of the plus group;
here, p= 15 years

Total mortality of species i
at age a in yeary

Natural mortality of
species iat age a in yeary
Fishing mortality of species
iatagea in yeary

Year effect of fishing
mortality of species i in
yeary

Selection pattern of species
iat age a in yeary

Catch in numbers of
species iat age a in yeary
Age at first recruitment to
the fishery; here, r = 1 year
Spawning-stock biomass of
species 7 in yeary
Constants; for i = sole

aj =5.1055, A =0.0000168,
and for ; = plaice aj = 3.81,
A =0.00000331 (estimated
as explained in Appendix
B)

Recruitment residual of
species i in yeary

Standard error of
recruitment residuals of
species i

Coefficient of variation of
recruitment; for i = sole
CV;=0.5, and for i=plaice
CV,=0.35 (estimated as
explained in Appendix B)
Cpue of species i by fleet f
at age a in yeary

Cpue of species i by fleetf
at age a adjusted to start
of yeary

Averaging factor of species
i for fleet f relating the
population
abundance-at-age a during
the time at which the
catch was taken to the
population
abundance-at-age a at the
beginning of the yeary
Catchability, relationship
between cpue and
numbers of species / for
fleet f at age a (source
explained in Appendix B)

Continued

Continued

Yield

Spawning-stock

biomass

Single-species TAC
scenario and
effort-restriction

scenario

Economic variables

Parameter

af

Bf

Wo,c.y

yly

Oj.ay

Qv

s (subscript)
p (subscript)

«cv Ao- a0j,
«0,p. Ao- Ao> «s,
As- «P- Ap

hy

Qly

«C. Ac

Rfy

S. B. M. Kraak et al.

Definition

Start of the period of
fishing of fleet/, at 0.66 of
the year

End of the fishing period
of fleetf, at 0.75 of the
year

Standard error of cpue
residuals of species i of
fleet f at age a (source
explained in Appendix B)
Body mass in the catch of
species i at age a in yeary
Total catch mass of species
iof all ages in yeary

Body mass in the stock of
species i at age a in yeary
Proportion mature of
species iat age a in yeary
Fishing effort in million
hp-days in yeary

B of species /in yeary
relative to the B of that
species in the reference
year(2002)

Catch forecast (tonnes) of
species i for yeary, using
the equation for yield YV
Catch (tonnes) of species
iin yeary

Sole

Plaice

Constants; a 0=0.0009786,
Bo =1-177,

a0; =0.00011698,

a0fi =0.00001882,

Ao= 1-4057, AS = 1.4578,
as=628.637, As=0.7105,
ap =916.432 and

Ap = 0.8496 in scenario 1,
ap = 1747.43 and

Ap = 0.6853 in scenario 2
(estimated from
regressions as explained in
the main text)

Dutch price in euros per
kg of species i in yeary
Dutch variable costs in
1000 euros in yeary
Constants; ac=-1.629
and Ac= 1.4355 in scenario
1, ac=0.4715 and

Ac= 1.4021 in scenario 2
(estimated from
regressions, see main text)
Dutch total revenues in

thousand euros in yeary

Continued
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Continued

Parameter Definition
Ny Dutch net revenues in

thousand euros in yeary

Liv Dutch landings of species i
(tonnes) in yeary

Li Dutch landings of species /
(tonnes) in reference year
(2002);/.°= 10 611 and L°
26 977 in scenario 1,
L°= 10 611 and L° 26 668 in
scenario 2 (from LEI data)

Pi Dutch average price in
euros per kg of species ; in
reference year (2002);
P°=19.26 and P° = 1.86
(from LEI data)

e Price elasticity of species /;
es= —0.3 and ep = —0.2
(after Nielsen, 1999)

Po, Dutch revenues from other
species in thousand euros
in yeary

o Dutch revenues from other
species in reference year
(2002) in thousand euros;
R°=46 385 (from LEI data)

E° Dutch fishing effort in
reference year (2002) in
million hp-days; £°= 53.569
in scenario 1, E°= 53.346 in

scenario 2 (from LEI data)

Appendix B: input data
The input data required for the OM are:

(i) Initial (1957) population numbers-at-age (Niar); from
ICES (2004);
(ii) Natural mortality-at-age M (M.-,,y); assumed constant

(ICES, 2004);
(iii) Maturity-at-age (0¢a>); assumed constant (ICES, 2004);

(iv) Mean weight-at-age of fish in the stock (W Six)3) and in the
1957-2001 from ICES
(2004); for the years 2002-2015 the running average over

catch (Wciv); for the period

the previous 3 years;

(v

-

Selection pattern (relative F-at-age, S~f); for 1957-2001
absolute P-at-age values from ICES (2003); for 2002-2015

assumed constant as the average over the period 1997-2001;

(vi) Recruits (NUr); for 1957-2001 from ICES (2004); for
2002-2015 according to a Ricker model with a lognormal
error distribution (determined by regressing recruits on
SSB based on 1957-2001 data; standard deviations chosen
through visual inspection of the resulting variation).

Recruitment in the period 2002-2015 is a source of varia-

bility between simulation runs.

(vii) Yield (Y;y); for 1957-2002 from ICES (2004); from 2003 on
the yield is determined by the management decision set in

the previous year.

From these input data, the following quantities are calculated
for both (Q ay), population
numbers-at-age p2_8 (pii2_8y), and

stocks by year:
(N lay), P-at-age

spawning-stock biomass (Bgy).

catch-at-age

The input required for the MP (as required by XSA) is as
follows.

(i) Perceived catch-at-age; equal to true catch-at-age in the OM
for sole, and for plaice if the true catch did not exceed
the TAC; otherwise equal to the TAC with the same age
composition;

(ii) Perceived M; equal to true AEin the OM;

(iii) Perceived maturity-at-age; equal to true maturity in the OM;

(iv) Perceived weight-at-age of fish in the stock and in the
catch; averages of true values of the previous 3 years in

the OM.

In addition, for each species, two catch per unit effort (cpue)
series {IT are generated for tuning, from true N -at-age, true
(¢.¢a

without a power model. Both series are set to take place in late

M -at-age, true P-at-age, and catchabilities see below),
summer, taking into account the proportion of the year the fish
have been exploited (survey starts at 0.66 and ends at 0.75).
1-9, and

ages 1-3.

Cpue series 1 commences in 1984 and involves ages
1982 and

Catchabilities ¢;"¢ and their standard errors

series 2 commences in involves
are given in
Table BI. These values are taken from existing research vessel
survey tuning series (ICES, 2003), except for ages 2-9 of sole
series 1, which are from a commercial fleet (ICES, 2004). The gen-
eration of tuning series with random error contributes a second
source ofvariability between simulation runs.

In the MP, the annual assessment is performed by XSA, using
the perceived data, with the settings for both stocks as used in
ICES (2004) for plaice. For runs with low shrinkage, the s.e. has
been set at 2 (as opposed to 0.5 for default runs) over 3 years
(as opposed to 5 years for the default runs). The assessment gen-
erates values for perceived P-at-age, perceived N-at-age, perceived
P2_8,and perceived B up to the last data year. Short-term forecasts
were run, under the assumption that P2_8in the intermediate year

equalled P2_gin the previous year, and with the respective target

Table Bi. Catchability (cji/,a) and standard error {epja) of cpue
series 1 and 2 for sole and plaice.

Age a Sole as species J Plaice as species /

fli.l,a Via* B..l» 9/,ia Aw- ¥>Ua
1 8.89 0.29 3.94 0.18 7.29 0.54 2.47 0.37
2 6.22 0.50 4.92 0.31 7.70 0.31 3.62 0.43
3 5.27 0.24 5.57 0.50 8.62 0.24 4.93 0.49
4 5.11 0.22 - - 9.48 0.21
5 5.09 0.22 10.13 0.22
6 5.27 0.19 10.45 0.28
7 5.31 0.26 10.73 0.29 - -
8 531 0.27 10.76 0.34
9 5.31 0.20 11.08 0.38
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Fs (0.4 and 0.3 for sole and plaice, respectively) for the TAC year.
The selection pattern in the TAC year and the intermediate year
was assumed to be equal to the average over the previous 3
years. These forecasts generate a predicted B for the start of the
TAC year and 1 year later and the forecast catch for the TAC

S. B. M. Kraak et al.

year. Note that in reality in 2004 the age range for F as well as
the pa reference points changed (ICES, 2005); we used the
values before that change (ICES, 2004).

doi:10.1093/icesjms/fsn045



