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Abstract 23 

Most flatfish species are caught in mixed demersal trawl fisheries and managed by Total Allowable Catch 24 

(TAC). Despite decades of fisheries management, several major stocks are severely depleted. Using the 25 

Common Fisheries Policy (CFP) as an example, the failure of mixed fisheries management is analysed by 26 

focussing on: the management system; the role of fisheries science; the role of fisheries managers and 27 

politicians; the response of fisheries to management. Failure of the CFP management could be ascribed to:  28 

incorrect management advice due to bias in stock assessments; the tendency of politicians to set the TAC at 29 

a level well above the recommended level; non-compliance of the fisheries to the management regulations. 30 

It is concluded that TAC management, although potentially successful in single species fisheries, will 31 

inevitable lead to unsustainability in mixed demersal fisheries as it promotes discarding of over-quota catch 32 

or misreporting of catches, corrupting the basis of the scientific advice and increasing the risk of stock 33 

collapse.  The failure of the TAC system in mixed demersal fisheries resulted in the loss of credibility of 34 

both scientist and fisheries managers, and undermined the support of fishermen for fisheries management 35 

regulations. An approach is developed to convert the TAC system into a system that controls the total 36 

allowable effort (TAE). The approach takes account of the differences in catch efficiency between fleets as 37 

well as seasonal changes in the distribution of the target species and can also be applied in the recovery 38 

plans for rebuilding specific components of the demersal fish community, such as plaice, cod and hake.  39 

 40 

Key words: fisheries management, flatfish, CFP, mixed fisheries, effort management, catchability, TAC 41 

 42 

 43 

Introduction 44 

Flatfish are generally exploited by demersal trawl fisheries targeting a mixed bag of species (Millner et al., 45 

2005; Wilderbuer et al., 2005; Munroe, 2005). Although the management systems used are diverse, most 46 

systems build upon total allowable catches (TAC) for individual species accompanied by technical 47 

measures such as gear restrictions, minimum mesh sizes, closed areas and seasons (Rice et al., 2005). 48 

Examples of effort management that attempts to regulate fishing mortality primarily by effort restrictions 49 

are scarce. Most effort management systems are based on some kind of capacity control or limiting the 50 

number of entries by issuing licenses, but this may only slow down the process leading to overexploitation 51 

rather than restrict fishing mortality (OECD, 1997). In line with the status of most commercially exploited 52 

fish stocks worldwide (FAO, 1995), many flatfish stock (38 out of 65) have been overfished at least during 53 

some period during their exploitation history (Rice and Cooper, 2003). The global decline in fish stocks has 54 

raised public concern and the reasons behind the failure of fisheries management are intensively debated 55 

(Pauly et al., 2002; Caddy and Seij, 2005; Garcia, 2005; Smith and Link, 2005). As the three main actors 56 
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involved (fishing industry, management authority, fisheries science) all play a distinct role in the 57 

management process, failure may be related to imperfections in the system at any of these levels. Major 58 

issues are the scope for enforcement (Nielsen and Mathiesen, 2003), the management policy adopted and 59 

the quality of the scientific advice (EC, 2002). Whatever the underlying reason, the scientific advisors 60 

appear to have lost their credibility, exemplified by the accusations by fishers that assessments do not 61 

correspond to their daily experience, by the responsible authorities that the annual advice is inconsistent, 62 

and by academics or NGO’s that fisheries scientists are too closely related to the management bodies or 63 

fishing industry to be able to give an impartial advice (Finlayson, 1994; Hutchings et al., 1997; see also 64 

Garcia, 2005; Smith and Link, 2005). 65 

We review the situation in respect of success or failure of fisheries management as exemplified by the 66 

situation in Europe. We argue that sustainable exploitation in mixed fisheries cannot be achieved by single-67 

species TAC because fishers may continue to fish after the TAC of one of the species is taken. As a 68 

potential alternative, we develop a method that allows TAC management to be converted into a system of 69 

effort management that may contribute to the rebuilding of depleted demersal stocks and rebuild the 70 

credibility of the entire management system, including the role of fisheries science. 71 

The Common Fisheries Policy 72 

The legal basis of fisheries management in the European Union is laid down in the Common Fisheries 73 

Policy (CFP), agreed upon in 1982 (Holden, 1994) and pursuing the ultimate objective of sustainable 74 

exploitation of renewable marine resources taking account of the integrity of the marine ecosystem as well 75 

as social and economic conditions (EC, 2002). The main instruments comprise stock-specific TACs agreed 76 

upon annually by the Council of Ministers, various technical measures (e.g., mesh sizes, gear and bycatch 77 

restrictions, closed areas and seasons), and since 1993 a 5-year multi-annual guidance program directed at 78 

reducing fleet capacity of individual countries. The CFP was agreed to be reviewed at 10-year intervals, 79 

and adapted if member countries would reach agreement to do so. It was not until the third cycle (2003-80 

2012) that the CFP was modified to incorporate the possibility to regulate fishing effort by setting limits to 81 

the days-at-sea for specific fleets on an annual basis (EC, 2002). However, the use of effort regulation is 82 

restricted to recovery plans and the TAC still remains the basis for managing fisheries. The underlying 83 

reason why the EU originally opted for a TAC system with fixed shares based on historic catches of the 84 

member states was that such a system was envisaged to ensure ‘relative stability’ of the national fishing 85 

industries (i.e., all nations would suffer or profit equally from changes in TACs). This original objective is 86 

strongly adhered to by the member states, even though other economic developments have resulted in 87 

marked deviations owing to quota hopping and re-flagging of vessels (Hatcher et al., 2002). 88 

The scientific basis for the TAC negotiations is laid by the stock assessments and catch forecasts provided 89 

annually by the International Council for the Exploration of the Sea (Rozwadowski, 2002; ICES, 2004). 90 

Stock status in terms of sustainable exploitation is compared to precautionary reference points for spawning 91 
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stock biomass and fishing mortality derived from the empiric relationship between recruitment and 92 

spawning stock. This type of management advice relies heavily on reliable catch statistics, age 93 

compositions of the landings and recruitment estimates based on research vessel surveys. Depending on the 94 

status, the ICES advice comprises of a range of options that are consistent with sustainable exploitation 95 

within a single-species context. 96 

The European Commission (EC) generally follows the advice and selects a particular option within the 97 

‘advised’ range. Because of economic or societal concerns, the EC generally proposes the option that is on 98 

the borderline of being estimated by scientists as being ‘sustainable’. These proposed TACs are not 99 

necessarily followed up by the Council of Ministers (the ‘politicians’), sometimes leading in some years to 100 

a substantial discrepancy between the ’proposed’ TAC and the ‘agreed’ TAC (Daan, 1997). 101 

 102 

Quality of catch statistics 103 

The quality of stock assessment is directly linked to the quality of the catch statistics and negatively 104 

affected by illegal or misreported landings as well as by discarding of under-sized as well as of over-quota 105 

fish. In mixed fisheries, discarding of under-sized fish can be substantial owing to the mismatch among the 106 

selectivity characteristics of the different species. In the beam-trawl fishery targeting sole, discard rates of 107 

plaice may be as high as 50% in numbers (van Beek, 1998; Pastoors et al., 2000), while their survival 108 

chance is less tan 5% (van Beek et al., 1990). Obtaining reliable stock-wide and fleet-wide estimates of 109 

discards is generally prohibited by the high costs of sampling at sea. While during one morning in the fish 110 

market two technicians may sample the total landings of several vessels after their weekly trip, they usually 111 

have to stay on board of a single vessel for the whole week to sample its discards at one particular location. 112 

Combining two data sets with completely different error sources, landings statistics being purposefully 113 

biased by fishermen’s actions and discards statistics being affected by sampling limitations, does not 114 

necessarily improve the advice!  115 

Discarding of over-quota catches is entirely legal under the CFP (Daan, 1997; Nielsen and Mathiesen, 116 

2003; Hatcher, 2005) and can be expected under a TAC system (Anderson, 1994; Gillis et al., 1995), but is 117 

particularly difficult to quantify empirically. Using a dynamic state variable model of effort allocation and 118 

high grading in the Dutch flatfish fishery under a TAC system, Poos et al. (2006), showed that a reduction 119 

in the individual quotum for plaice (ITQ), the least valuable of the two target species, was compensated for 120 

by re-allocation of fishing effort from an area (central) with a high abundance of plaice and a low 121 

abundance of sole, towards fishing grounds (south) with a higher abundance of sole and a lower abundance 122 

of plaice (Figure 1). When the ITQ for plaice decreased further, the fleet could only continue fishing by 123 

discarding an increasing part of the plaice catch. At even lower ITQ for plaice, the fishery had to stop 124 

fishing because fishing was not profitable anymore. The model results are qualitatively supported by 125 

information from the fishing industry suggesting that high-grading may occur at the beginning of the year 126 
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when catch rates of plaice are high and comprise of less valuable spent fish, and at the end of the year either 127 

when catch rates increase owing to the recruitment of a new year class or because quota become exhausted 128 

(Figure 1c). Although the extent of high-grading remains unknown, it is likely to affect age groups 129 

differentially. As a consequence, the impact on the quality of stock assessment may be severe, even when 130 

the amount discarded represents only a relatively small proportion of the annual catch. Owing to non-131 

compliance, catch statistics may also be distorted by illegal (unallocated in ICES terminology; whether 132 

unreported or misreported) landings (Nielsen and Mathiesen, 2003; Hatcher, 2005). Unallocated landings 133 

have been substantial in the 1980s in both sole and plaice (Daan, 1997) and widespread underreporting has 134 

been reported recently from the fisheries for cod and haddock (ICES 2004). 135 

Landings and effort statistics are recorded under the responsibility of national governments. Although their 136 

cumulative accuracy is of crucial importance, scientists have little insight in this matter. The basis is 137 

contained in logbooks to be filled in by skippers on a daily basis, which are collected when ships enter the 138 

harbour for landing their catch. Ships may be visited at sea by inspection services or their landings may be 139 

compared to their logbook data. If discrepancies are found, the logbook data are corrected. However, the 140 

essential piece of information required to evaluate the quality of catch statistics is the sampling intensity for 141 

inspection purposes as well as the average discrepancy between logbook catch and actual landings, because 142 

this would allow at least some estimate of the total over-quota landings. Although this information is not 143 

made publicly available, informal contacts with the fishing industry often suggest major discrepancies 144 

between reported and actual landings. For some fleets, it has been possible to estimate the rate of 145 

underreporting or misreporting based on confidential information from the industry, and the ‘unallocated 146 

landings’ category has  been corrected accordingly. However, the confidential nature of such information 147 

prohibits detailed descriptions of the raising procedure used and the use of ‘unallocated landings’ has not 148 

contributed to the transparency of the assessment and the formulation of advice. 149 

Quality of the scientific advice 150 

The analysis of the historic performance of stock assessments reveals both the uncertainty of the estimates 151 

of stock size and fishing mortality in the most recent year, as well as the bias that may occur during certain 152 

periods (Figure 2). Uncertainty may be due to bias and measurement error in the input data, as well as to 153 

variability in fleet dynamics (e.g. catchability) and stock dynamics (e.g. growth rates) (Shepherd, 1988; 154 

Hilborn and Walters, 1992; Patterson et al., 2001).  Bias may further be due to the analytical technique used 155 

(Mohn 1999). Although models that assume the catch-at-age matrix to be uncertain (Deriso et al., 1985; 156 

Kimura, 1986; Patterson and Melvin, 1996) are considered superior to models such as Extended Survivor 157 

Analysis (Shepherd, 1999) that take the catch matrix as exact, the latter are still used for flatfish stocks in 158 

Europe. Problems may also arise from non-stationarity of data (Mohn, 1999), or from an incorrect model 159 

specification, for instance because substantial components of the stock migrate between different areas 160 
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(Kell et al., 2004a), because the assumption of constant natural mortality is violated, or because biological 161 

realism is lacking (Kell and Bromley, 2004b).  162 

The calibration of any assessment model requires a reliable and unbiased indicator of temporal population 163 

trends. The use of commercial catch rates is problematic in this respect owing to potential changes in 164 

spatial distribution of the resource (Paloheimo and Dickie, 1964), in the spatial distribution of the fleet 165 

relative to the resource (Walters, 2003), in the technical efficiency of the fleet (Marchal et al., 2001, 2003; 166 

Rijnsdorp et al., 2006), in interactions among vessels (Gillis and Peterman, 1998), as well as to effects of 167 

management measures on catchability (Marchal et al 2002). Research vessel surveys have the advantage 168 

that sampling can be standardized, but the number of tows will inevitably be small compared to the use of 169 

commercial fleet data, leading to wide confidence limits. And also for research vessel gears the assumption 170 

of constant catch efficiency may not hold because it may be affected by changing fishing patterns of the 171 

commercial fleet through disturbance of fish or interactions among vessels (Gillis et al., 1998; Rijnsdorp et 172 

al, 2000ab; Gillis, 2003). On a longer time scale, fisheries-induced evolutionary changes in the behaviour 173 

of fish towards fishing gear may reduce catch efficiency (Heino and Godø, 2002). 174 

Retrospective errors in stock assessment are important in the context of the credibility of management 175 

advice and their effects should be clearly communicated to the customers. Assessment results are 176 

commonly presented as the singular, best possible representation of the current status of a stock (Corkett 177 

2002; Finlayson 1994), while errors in the past are ignored as being non-informative. However, even if 178 

those errors can be clearly explained, we argue that the uncertainty should be presented as integral part of 179 

the assessment to convey its limitations (Pastoors, 2005). 180 

There is generally one year between the last population estimate of the assessment and the forecast year for 181 

which TAC advice is requested. Uncertainty about the total catch in the ongoing year may have far 182 

reaching consequences for the TAC advice. If management aims for status quo F, the random error in the 183 

estimate of stock size will be largely balanced by an opposite error in the estimate of F. However, if 184 

management aims for a reduction in F - as is often the case given the depleted state of many stocks - or if 185 

there are systematic trends in biological parameters such as growth and maturity or in the spatial dynamics 186 

of the fishery, the uncertainty and bias will propagate in the short-term forecast (Cook et al., 1991; Gascuel 187 

et al. 1998; Van Beek and Pastoors 1999; Pastoors, 2005). This may result in a TAC advice that is either 188 

too restrictive or too loose for several years to come. If stocks are already in danger, a systematic bias of 189 

this sort may be particularly dangerous and increase the risk of stock collapse. 190 

Management of mixed fisheries  191 

The failure of mixed fisheries management under the CFP may be illustrated by the historic trends in 192 

spawning stock biomass (SSB) and fishing mortality rate (F) of three major demersal stocks in the North 193 

Sea (Figure 3). The SSB of cod has declined to a level below the limit reference point for sustainable 194 

exploitation, whereas the SSB of plaice and sole declined to a level just above the limit. In sole a temporary 195 
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increase in SSB can be observed following the recruitment of two extremely abundant year classes in 1987 196 

and 1991. The F in cod remained above the limit reference level, whereas the F in plaice has been below 197 

the limit reference level throughout the time series. For sole, no limit reference level is determined.  198 

Figure 2 also provides information on the TAC advice in terms of F given by ICES and on the F 199 

corresponding to the TACs agreed by the Council of Ministers, which may be compared to the realised F 200 

subsequently. At the start of the CFP, the F that corresponded to the recommended TAC (Frec) was only 201 

slightly below the actual F for cod. In 1986, Frec was reduced to a level of ~0.6 until 2001 when the advice 202 

was no fishing (Frec =0). With a time lag of two years, the Council of Ministers closely followed the 203 

scientific advice and agreed on a TAC that was only slightly above the recommended value, corresponding 204 

to a FTAC. only just above Frec. Since 2001 when the advice was zero catch, a TAC of about 50.000 t has 205 

been agreed, corresponding to a FTAC =~0.5. Although this FTAC was well below the current level since 1988, 206 

it did not achieve the intended reduction in F (Figure 3a). In plaice, the scientific advice based on FMAX (until 207 

1985) was relaxed first to reduce F (1986-1989) and subsequently to status quo (1990-1994). Since 1995, 208 

when SSB showed clear signs of declining, a strong reduction in the TAC was recommended to rebuild 209 

SSB above the minimum level required for sustainable use. The agreed TAC and corresponding FTAC  , 210 

however, was generally well above the recommended F, and between 1985-1994 even above the realised  F 211 

(Figure 3c). Since 1995, the agreed TACs have become restrictive and realised F appears to have decreased 212 

slightly although it is still well above the agreed FTAC. In sole, a similar relaxation of the scientific advice 213 

can be seen between the mid 1980s (reduction in F) and the period 1993-1996 (status quo F). Since then, a 214 

reduction in F has been recommended corresponding to the precautionary reference point for forecast 215 

(F=0.4). Despite the nominally restrictive TACs set since 1995, there is no clear evidence for a reduction in 216 

realised F, except perhaps in the last year (Figure 3e). As part of the recovery plan for cod, the restrictive 217 

TACs in the mixed fisheries have been accompanied by additional measures such as a closed area in 2001, 218 

and since 2003, a restriction of the number of fishing days to 10-23 days per month depending on fishing 219 

gear.  220 

The relaxation in the F advice in the late 1980s and early 1990s was related to a shift in philosophy that 221 

changed the ‘scientific’ objective from FMAX to keeping the stock above a minimum biologically acceptable 222 

level (MBAL). In practice, this meant that medium term considerations were ignored and a warning was 223 

issued only if spawning stock biomass would fall below MBAL in the TAC year. In the mid 1990s, the 224 

precautionary approach was implemented and the medium-term perspective led to a substantial reduction in 225 

Frec.   226 

The deviance between realised F and FTAC (Figure 3) can be partly explained by a bias in stock assessment, 227 

which has caused underestimation of F in recent years (Figure 2). Between 1995 and 1999, the average 228 

difference in apparent F between the original assessment and the converged assessment later has amounted 229 

to 50%, 32% and 18% for cod, plaice and sole, respectively, whereas the average difference between 230 

realised F and the agreed FTAC during this period was 76%, 36% and 28%, respectively. For cod, there is a 231 

suspicion that the actual catch has exceeded the official catch because of misreporting in those years (ICES, 232 
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2005a). For plaice and sole, anecdotal information from the fishing industry suggests that in certain periods 233 

a part of the catch may have been subject to high-grading.    234 

The main conclusion here must be that the CFP has not achieved the envisaged reduction in F in the three 235 

demersal stocks even though agreed TACs formally should at least in most years have been restrictive. The 236 

cause of this failure, however, is less clear. The origin of the apparent bias in stock assessment is uncertain, 237 

but may be related to the assumption of constant catchability. Another, potentially related cause is the 238 

potential discrepancy between actual and reported landings.  Whatever the cause, the lack of a medium 239 

term perspective in the formulation of the scientific advice during the late 1980s and early 1990s allowed 240 

the fisheries to continue on a level that is now considered to be unsustainable in the long term. A final 241 

observation is that the Council of Ministers frequently agreed on a TAC well above the recommended catch 242 

option. The failure of fisheries management for mixed demersal stocks is not only restricted to the 243 

examples shown here but also applies to many other demersal stocks in European waters (ICES, 2005b). 244 

Their management history contrasts markedly with the herring stocks, which are mainly taken in directed, 245 

single-species fisheries. In the 1960s, the North Sea herring stock was severely depleted (Simmonds, 2005). 246 

After a four-year moratorium between 1978 and 1982, the stock showed signs of recovery and the fishery 247 

was allowed to take a modest TAC, which was gradually increased during subsequent years. In 1996, ICES 248 

advised to halve the already agreed TAC for the ongoing year, because a new collapse threatened. The 249 

European Commission acted accordingly, which resulted in a reduction in realised F from 0.75 to 0.4.  250 

Although the realised F was still well above the agreed FTAC  and problems in misreporting remain, in this 251 

case the TAC management system appears to have been successful in regulating fishing mortality rate to 252 

levels that allowed the stock to rebuild to the management targets (ICES, 2005b; Simmonds, 2005).  253 

The failure of the TAC management in mixed demersal stocks, may have been exacerbated by the apparent 254 

decline in the productivity of demersal species after the gadoid outburst in the 1960s (Pope and Macer, 255 

1996; Hislop, 1996): recruitment of various roundfish species (Hislop, 1996) and plaice (Kell and Bromley, 256 

2004) declined and also growth rates of plaice and sole slowed down (Rijnsdorp et al., 2004; van Keeken et 257 

al., 2006).  258 

The credibility crisis in mixed fisheries management 259 

Although there are many sources of uncertainty in the assessments and catch forecasts, the prime problem 260 

is the catch statistics, because the total catch serves as a direct raising factor for the estimated stock sizes. A 261 

bias in the catch data will not show up in the retrospective analyses, but will remain present in all future 262 

assessments and thus bias our perception of the historic performance as well as any reference points derived 263 

from these. 264 

Under a TAC regime, fishers have an incentive to land over-quota fish illegally and the more restrictive the 265 

TAC, the larger the incentive. Because removals are underestimated, present stock sizes and forecasts are 266 

also underestimated. Thus, the TAC management system by its very nature has a feed-back component, 267 

which results in deteriorating catch statistics and ever more unreliable assessments. Although the warning 268 
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of deteriorating catch statistics has been stated clearly in almost every ACFM report, the fact that the TAC 269 

system itself is ultimately responsible for this deterioration does not seem to have come through. Can this 270 

problem be resolved by better enforcement? The answer for mixed fisheries must be no, because it is 271 

perfectly legal to high-grade and discard over-quota catches. The effect of illegal landings and legal 272 

discards is exactly the same. Moreover, a management system that is aimed at controlling exploitation 273 

rates, but only affects the proportion landed will not result in sustainable fisheries! 274 

Formally ICES does not provide TAC advice, even if it is requested to do so. The ACFM advice is 275 

formulated in such a way that the forecast options are selected on the basis of a suitable F-range: “ICES 276 

recommends that fishing mortality be less than Fpa=X, corresponding to landings of less than Y in year Z”. 277 

If catch predictions are translated into TACs, the inherent assumption is that landings statistics are correct 278 

and that discarding rates are stable, while both are not. 279 

After 25 years of experience with the CFP, one might rightly wonder, while we are still left with a TAC 280 

system that obviously does not work in mixed fisheries. Can there be any expectation that from now on 281 

everything will work as it should, without a drastic reform? Does it help the credibility of the scientific 282 

advice, if scientists keep the VPA-machine going to get all the forecasts out in time for the EU to decide on 283 

TACs that can never be properly controlled? 284 

Solving the credibility crisis 285 

The ultimate condition for regaining credibility would be if managers, guided by advice, would succeed in 286 

rebuilding the now depleted stocks to a sustainable level as well as preventing other stocks to reach 287 

depleted conditions. For the mixed fisheries, the current system suffers from the intrinsic imperfection that 288 

fishing may continue after the TAC of one of the target species has been taken, unless discarding would be 289 

forbidden and independent observers would control all fishing operations. Hence, a major change in the 290 

management system seems needed. Transforming the present output control system to an input control 291 

system might solve several of the existing problems (Daan 1997; Shepherd, 2003). Enforcement of 292 

restrictions of number of days fishing would seem a lot easier than controlling landings. Most importantly, 293 

however, is that the scientific assessment of the stock is not directly affected by whether fishers fool the 294 

inspection services, high grade or increase their catch rates. The basis for evaluating the status of the stock 295 

should remain correct, and adaptive rather than prescriptive management should solve any problems 296 

encountered. 297 

Of course, a major change in the CFP will be difficult to achieve, as the institutional framework is anchored 298 

in national and international law and has evolved in a slow and complicated process (Scheffer et al., 2005). 299 

However, since the second review in 2002, the CFP includes the possibility of direct effort management on 300 

an annual basis as part of the recovery plans for depleted species (EC, 2002). Even if it is not now an 301 

alternative for TACs, this modification represents a crucial step forward by providing a legal basis for 302 

effort management. The question remains how the present TAC system might be turned into a Total 303 
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Allowable Effort (TAE) system, without compromising the starting point of ‘relative stability’, and how the 304 

management and advisory system might again gain credibility. 305 

 306 

Converting a TAC into a TAE system 307 

To convert a TAC system into a TAE system, an indicator of effective effort (Shepherd, 2003) by fleet (f) 308 

is required, which may be estimated from the relationship between fishing effort (Ef) and the fishing 309 

mortality realised by that fleet (Ff): Ff = q Ef (Rijnsdorp et al., 2006). The TAC system assumes that 310 

national catches contribute proportionally to total F. Therefore, we may split the FTAC in shares in terms of 311 

allowed partial F by fleet according to the existing percent quota shares (FTAC,f).  The catchability 312 

coefficient q gives the fishing mortality imposed per fishing day. With this q and the fishing mortality rate 313 

corresponding to the share of the agreed TAC (FTAC,f), the total allowable number of fishing days (TADf) 314 

can be calculated as TADf = FTAC,f q-1. For a single vessel, the individual effort quotum will be IEQ = TADf 315 

/ n, where n is the number of vessels in the fleet. In a mixed fisheries system, where several fishing fleets 316 

are targeting a mixture of fish species using a variety of fishing gears, the IEQ’s will be species and fleet 317 

specific.  318 

There may be many factors causing the realised partial F of a particular fleet in the TAF-year to be different 319 

from the share allowed. Technological advances as well as human behaviour or unforeseen changes in the 320 

behaviour of the species may create discrepancies. The essence of an input control system would seem to 321 

adapt the effort according to significant, observed trends in realised F. Thus, fleets may exceed their partial 322 

F-share in any particular year, but their effort should be adjusted in an adaptive manner in the following 323 

years.  324 

Given enough data, an effort management system might become really sophisticated. We describe one 325 

example based on real data. Because of seasonal migrations and recruitment to exploitable stock, the 326 

availability of fish will vary between areas and seasons. A fishing day, therefore, will generate a higher 327 

fishing mortality when a species is temporarily concentrated in for instance a spawning area than when the 328 

species is dispersed over the feeding grounds. An effort management system may take account of 329 

predictable variations in q by charging a certain price for each combination of fishing area and season. The 330 

total allowable number fishing days (IEQ) can be viewed as a currency that can be translated in actual 331 

fishing days given a conversion rate (qij) that varies in space (i) and time (j). 332 

The calculation is illustrated for the Dutch beam trawl fleet targeting sole and plaice using the estimates of 333 

the partial fishing mortality generated per fishing day by each vessel during each trip (Fpue) as a function 334 

of engine power, fishing area and time of the year (Rijnsdorp et al., 2006). With the Fpue estimates for a 335 

standard 2000 hp beam trawler and the Dutch share of the TAC for sole and plaice, the IEQ can be 336 

calculated as 200 days for sole and 139 for plaice (Table 1). Because the availability of fish varies between 337 

areas and seasons (Figure 3), the conversion rate of IEQ units into actual fishing days will vary accordingly 338 

(Table 2).   339 
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 340 

Discussion 341 

Within a TAE system, each vessel could be free to make her own fish plan within the constraints set by the 342 

available IEQ units and the conversion rates for the different species, and can land all fish above the 343 

minimum landing size. In case the national quotum is allocated into individual transferable quota (ITQ), 344 

such as in the Dutch beam trawl fleet, the IEQ would vary between vessels in proportion to their ITQs. The 345 

crucial ingredients of such a TAE system are the species and fleet specific estimates of q and the seasonal 346 

and spatial patterns in q. As the catchability generally increases in response to technological innovations 347 

(Marchal et al., 2001; Ulrich et al., 2002; Marchal et al., 2003; Rijnsdorp et al., 2006), the q’s may need to 348 

be updated at regular intervals, depending on the rate of increase.  Alternatively, catchabilities can already 349 

be increased by a certain percentage annually to take account of the expected increase in technical 350 

efficiency. 351 

Some major advantages of the TAE system proposed are: 1) it offers a solution to a major deficiency of the 352 

current TAC system as there will be no incentive for misreporting or high-grading catches, which 353 

undermines stock assessment as the objective basis of the management system; 2) it allows a conversion of 354 

the current TAC system within the constraints of maintaining relative stability by using national percentage 355 

quota shares to distribute partial F shares; 3) it controls the target F’s of each of the species taken in the 356 

mixed fisheries; and 4) it allows remedial action at the national level, whereas under the TAC system all 357 

countries suffer equally from reduced TACs, if one particular country has exceeded its share in sustainable 358 

exploitation by illegal landings or high grading. 359 

A TAE system like this, however, may have deficiencies of itself that need careful consideration. The 360 

effectiveness of the approach will depend a.o. on the predictability of the seasonal pattern in q, the 361 

possibilities for vessels to increase their efficiency within the constraints set by the TAE management. One 362 

might argue that non-compliance of effort regulations may jeopardize the quality of the stock assessment as 363 

a basis for fisheries management, analogous to misreporting catches under a TAC system, because 364 

fishermen may try to under-report fishing effort to increase fishing time and generate a higher revenue. 365 

However, because there is no incentive to misreport catches, F and stock size should still be correctly 366 

estimated. Under-reporting of effort would lead to an apparent increase in catchability, and hence in a 367 

reduction in the effort quotum of that fleet after a reappraisal of the catchability, but does not influence the 368 

assessment of the stock status.  369 

Enforcement of effort regulations will be a pre-requisite for an effective TAE system as an individual fisher 370 

may trade-off the immediate benefit of misreporting effort to the risk of getting penalized. Enforcement of 371 

effort regulations should be easier than of catch regulations, as fishers activities are already monitored by 372 

the vessel monitoring system in use within the CFP. However, effort management will need additional 373 

regulations on type and numbers of gear used (size of the trawl, number of long lines, gill nets, pots or 374 
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traps), which is more difficult to control. This will need particular attention as gear use has a large influence 375 

on the catch efficiency.  376 

In an input control system, skippers will have a strong incentive to increase their fishing efficiency. 377 

Therefore, we may expect that the transition of a TAC to a TAE system may lead to a stronger increase in 378 

catchability then observed in the past. Under the current TAC regime, catchability of sole and plaice in the 379 

beam trawl fishery has been reduced because vessels have partly redirected their fishing effort to other 380 

species for which the TAC is less restrictive (Poos et al., 2001)., Therefore, we might expect a sudden 381 

increase in catchability of the most valuable species in particular. Such increases may only be estimated in 382 

retrospect and TAE management is unlikely to control fishing mortality precisely at the agreed level (FTAC).  383 

A question that needs careful consideration is the optimal spatial and temporal scale for catchability 384 

estimates as conversion units for effort quota. This should be a compromise between the utilitarian wish to 385 

have a rather simple approach and the biological reality of marked variations in space and time. If the 386 

resolution chosen is large, there will remain a structure in q present that vessels can utilise to increase their 387 

catchability above the historic average. On the other hand, smaller scale patterns will be increasingly more 388 

difficult to quantify reliably. 389 

A TAE system is likely to stimulate investment in technological innovations, and therefore enhance 390 

competition, but this would not be a new development. Also under the TAC system vessels are out 391 

competed if their efficiency falls behind that of others. The ITQ system introduced in the Netherlands 392 

resulted in a concentration of fishing rights (Davidse, 2001), and even within the European Union, re-393 

flagging of vessels has led to a concentration of fishing rights that is incompatible with the concept  of 394 

relative stability (Hatcher et al., 2002). If in the Netherlands, the allocation of fishing days would be 395 

directly coupled to the existing ITQ’s, the monetary investments in the latter might be smoothly transferred 396 

to a TAE system. 397 

The sensitivity of the TAE system for various sources of uncertainties may be explored quantitatively using 398 

an evaluation framework developed to explore the contribution of the various sources of uncertainty in the 399 

scientific basis for fisheries management (see review in Harwood and Stokes, 2003). This framework 400 

comprises a biological model that captures the relevant processes determining the dynamics of the resource 401 

and the dynamics of the fishery (Butterworth and Punt, 1999), an observational model that analyses the 402 

sampling data obtained from the biological model, leading to a perception of the state of the stock and a 403 

management model that determines the management actions based on strict harvest control rules. In all 404 

model components, the relevant factors contributing to uncertainty and error are taking into account. By 405 

comparing the perceived with the true dynamics, the sensitivity of the management system for various 406 

sources of error and uncertainty in any of the three models may be explored. This approach is a major step 407 

towards improving fisheries management advice and has been explored for North Sea flatfish and roundfish 408 

by Kell et al. (2004, 2005) and Kell and Bromley (2004). The TAE system proposed should be a suitable 409 

candidate for testing.  410 
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A TAE approach may also contribute directly to the protection of North Sea cod. Since 2001, ICES has 411 

advised to stop fishing for cod in order to rebuild the stock. However, as this species is taken as a bycatch 412 

in a large number of demersal fisheries, it has proven politically unacceptable to stop all cod-related 413 

fisheries. Applying our approach, the matrix of q values by area and season of all cod related fisheries may 414 

be estimated for cod as well as the other demersal species managed by single species TAC’s taken in the 415 

cod-related fisheries. This matrix should allow managers to find a compromise in minimising the total F on 416 

cod, while maximising the allowable F on the other species within the agreed FTAC, taking account of the 417 

share of the various countries (relative stability).  418 

The input control system proposed here should not be considered a panacea for the solution of all  problems 419 

in mixed fisheries management. Although it addresses the key problem - the control instrument (TAC) 420 

undermines the scientific basis of management (stock assessment) – that needs to be resolved with high 421 

priority, other problems may prevent fisheries management to become successful. Other problems, for 422 

instance the improvement of the stock assessment models with regard to uncertainty and bias (Figure 1) 423 

(Mohn, 1999; Harwood and Stokes, 2003), but also problems related with the complexity and non-424 

equilibrium nature of marine systems (Caddy and Seij, 2005), fisheries dynamics and their response to the 425 

management regulations (Gillis et al., 1995; Gillis, 2003; Dinmore et al., 2003; Salas and Gaertner, 2004),  426 

enforcement (Payne and Bannister, 2003), lack of transparency of the management system and the 427 

governance structure (Gray and Hatchard, 2003; Dawn and Gray, 2005) need to be resolved. The proposed 428 

alternative converts an already complicated TAC management system into an equally complicated TAE 429 

system that depends heavily on fisheries dependent data. Alternative solutions might be found in a more 430 

simple management system that is less dependent on precise stock assessments but manage exploitation 431 

rate based on a number of transparent and simple indicators of the trends in resource biomass and fishing 432 

effort (Degnbol, 2005). However, it seems unlikely that man will ever be able to manage fish stocks 433 

without managing the amount of fishing by individual fleets. In order to achieve the sustainable 434 

management of mixed fisheries we need 1) a carefully designed management system that takes account of 435 

the dynamics of the resource and the dynamics of the fisheries; 2) a governance system that acknowledge 436 

the separate roles of the scientist, managers and fishermen and accepts the impartiality of scientist and 3) an 437 

efficient and transparent enforcement system. The impartiality and quality of the fisheries science could be 438 

enhanced if the evaluation of the management system and exploration of alternative systems would be part 439 

of the routine research agenda.  440 
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Table 1. Hypothetical calculation of the Total Allowable Effort for the Dutch beam trawl fleet fishing for 615 

sole and plaice based on the partial fishing mortality rate generated per fishing day by a typical 2000 hp 616 

trawler. 617 

 618 

  Sole  Plaice 

Agreed F  0,4  0,25 

NL share of F  0,3  0,125 

q  1,0E-05  6,0E-06 

TAD (days at sea)  3,0E+04  2,1E+04 

#vessels  150  150 

IEQ (#days/vessel)  200  139 

 619 
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Table 2. Seasonal differences in the price that a fishing vessel has to pay for fishing for one day in four 620 

different fishing areas in the North Sea. If a vessel decides to fish in August in area South for 10 days, its 621 

IEQ will be reduced by the 5 units for plaice and 13 units for sole. 622 

 623 

  Plaice  Sole 

month  South West East Central  South West East Central 

1  1,7 1,2 1,6 1,0  1,1 1,0 0,7 0,0 

2  1,3 1,0 1,5 1,2  1,1 0,9 0,7 0,0 

3  0,6 0,8 1,0 1,5  1,2 0,9 0,8 0,0 

4  0,5 0,8 0,7 1,4  1,1 0,7 0,8 0,0 

5  0,6 1,1 0,7 1,3  0,9 0,6 0,8 0,0 

6  0,6 1,0 0,8 1,3  0,9 0,7 0,7 0,0 

7  0,4 0,9 0,6 1,4  1,1 0,7 0,9 0,0 

8  0,5 0,9 0,6 1,3  1,3 0,7 1,2 0,0 

9  0,7 1,0 0,7 1,3  1,5 0,8 1,5 0,0 

10  0,9 0,9 1,1 1,3  1,5 0,9 1,3 0,0 

11  1,0 0,9 1,2 1,2  1,5 1,1 1,0 0,0 

12  1,3 1,1 1,3 1,0  1,3 1,1 0,9 0,0 

 624 
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 625 

Legends of Figures 626 

 627 

Figure 1. Sole and plaice landings (a), effort allocation over 4 fishing grounds with various abundance of 628 

sole and plaice (b) and the proportion of the catch that is high graded by month (c) of the Dutch beam trawl 629 

fleet fishing under various levels of ITQ for plaice. The abundance of sole and plaice varied seasonally over 630 

the 4 fishing grounds as shown in Figure 4. At the highest level the ITQ for plaice is not restrictive and the 631 

fleet mainly fishes in the east where both sole and plaice are abundant. At lower plaice ITQ, the fleet 632 

targets areas where plaice is less abundant (south and west) and increasingly discard the plaice catch that 633 

exceeds the ITQ. At the lowest ITQ, vessels stay in harbour for 40% of the time (Poos et al. 2006).  634 

 635 

Figure 2. Difference in the estimated mean fishing mortality (F) in the year of the year of the assessment 636 

(□) and the most recent assessment (♦) for North Sea cod (a), plaice (b) and sole (c). 637 

 638 

Figure 3. Summary of the trends in fishing mortality F (left) and spawning stock biomass SSB (right) of 639 

cod (top), plaice (middle) and sole (bottom). Fishing mortality (F) estimated in the most recent stock 640 

assessment (drawn line) is compared to the fishing mortality Frec (□) corresponding to the recommended 641 

TAC and FTAC (■) corresponding to the TAC that was agreed among the Council of Ministers. The 642 

horizontal black lines indicate the limit reference levels for F and SSB, the horizontal grey lines indicate the 643 

precautionary level of F.  644 

 645 

Figure 4. Seasonal changes in the conversion rate of a unit of fishing effort in four different fishing areas in 646 

the North Sea (South, West, East and Central) for plaice (a) and sole (b). The conversion rate curves reflect 647 

the differences in the availability of the resource between fishing areas and month.  648 

 649 
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Figure 1. Sole and plaice landings (a), effort allocation over 4 fishing grounds with 

various abundance of sole and plaice (b) and the proportion of the catch that is high 

graded by month (c) of the Dutch beam trawl fleet fishing under various levels of ITQ for 

plaice. The abundance of sole and plaice varied seasonally over the 4 fishing grounds as 

shown in Figure 4. At the highest level the ITQ for plaice is not restrictive and the fleet 

mainly fishes in the east where both sole and plaice are abundant. At lower plaice ITQ, 

the fleet targets areas where plaice is less abundant (south and west) and increasingly 

discard the plaice catch that exceeds the ITQ. At the lowest ITQ, vessels stay in harbour 

for 40% of the time (Poos et al. 2006). 
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Figure 2. Difference in the estimated fishing mortality (F) in the year of the assessment 

(□) and the most recent assessment (♦) for North Sea cod (a), plaice (b) and sole (c). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Summary of the trends in fishing mortality F (left) and spawning stock biomass 

SSB (right) of cod (top), plaice (middle) and sole (bottom). Fishing mortality (F) 

estimated in the most recent stock assessment (drawn line) is compared to the fishing 

mortality Frec (□) corresponding to the recommended TAC and FTAC (■) corresponding to 

the TAC that was agreed among the Council of Ministers. The horizontal black lines 

indicate the limit reference levels for F and SSB, the horizontal grey lines indicate the 

precautionary level of F.  
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Figure 4. Seasonal changes in the price of a unit of fishing effort in four different fishing 

areas in the North Sea (South, West, East and Central) for plaice (a) and sole (b). The 

conversion rate curves reflect the differences in the availability of the resource between 

fishing areas and month. Adapted from Rijnsdorp et al. (2006).  
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