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ABSTRACT

The French Norway lobster (Nephrops norvegicus) fishery is composed by almost 250 beam trawlers,
mainly registered in nine different harbours disseminated from South Brittany to Oléron Island. Even if
the main target is Norway Lobster, these fishermen also catch juvenile Hake, Sole and other commercial
fishes. Both Norway Lobster and Hake resources present very low biomass levels for several years. The
Hake exploitation is therefore submitted to a strong recovery plan implemented in 2001. Also, the
Ministry Council for fisheries softened two years in a row the ACFM recommendations of effort
reduction when establishing the TAC, while the fishermen representatives publicly stated that those
restrictions would not be applied. Facing the possibility of some strong fleet reductions, the fishermen
organisations presented some alternative proposals to manage the fishery.
Since 2001, they are involved in a research program aiming at increasing the trawl selectivity. Their main
objective is to implement these new trawls in exchange of no further fleet or effort reduction. They also
proposed to stop fishing one month, in exchange of the financial support of the administration. The aim of
this article is to understand in which extent the fishermen proposals constitute an alternative to the current
management system. A bio-economic model will therefore be implemented in order to compare the
different proposals to the management scheme in force. Conclusions are drawn on the participation of
these fishermen organisations in a Regional Advisory Committee concerning the Biscay Bay and the Irish
Sea.

Keywords: coastal fisheries; Nephrops norvegicus; bay of Biscay; Hake recovery plan; common fisheries
policy; Regional Advisory Committees

INTRODUCTION

After 20 years of Common Fisheries Policy, the European Commission opened a debate on the review of
the CFP in 2001. One of the main problem pointed out during this discussion was the lack of participation
of fishermen to the decision making process, especially during the annual TAC elaboration. Therefore,
the Commission stated in the final version of the Green Paper that: “Various proposals have already been
put on the table to rectify the lack of adequate involvement of the full range of stakeholders. These
include a system of decentralised regional or zonal management, a system of regional advisory
committees providing advice to the Commission” [1].
For several years, French fishermen organisations (regional committees and producer organisations) claim
to be the “real managing entities” of the Nephrops fisheries. Recently, they started a general survey to
increase the trawl selectivity, especially for small Nephrops under the legal size. Their main objective is
to avoid further catch restrictions after the implementation of the new selective trawls. The different
regional committees implicated in the fishery also created a new licence system to (i) avoid new entrance
in the fishery and (ii) strengthen the regulation of the Nephrops exploitation in the bay of Biscay.
The purpose of this paper is to evaluate the effectiveness of these management alternatives to the TAC
system currently in charge. After a presentation of the recent history of the fishery, the simulation model
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is presented. Results of simulation runs carried out with the software VENSIM are used to discuss the
potential effectiveness of the fishermen organisations’ proposals. Finally, conclusion are drawn
concerning the participation of fishermen organisations in a future Regional Advisory Committee for the
Bay of Biscay and the Irish Sea.

THE FRENCH NEPHROPS FISHERY IN THE BAY OF BISCAY: AN HISTORICAL
BACKGROUD

Several Nephrops fisheries have been identified in Europe. The fishery located in the Biscay Bay presents
the particularity that Nephrops are caught by French bottom trawlersi and landed for the most part alive.
Spanish vessels capture Nephrops only as a bycatch.
The Nephrops trawlers operating in the Biscay Bay are disseminated over the Atlantic coast, from La
Cotinière in the southern part of the bay, to Penmarch (at the south West foreland from Brittany) in the
northern part of the bay.

Figure I: ICES areas in the bay of Biscay (Source:
ICES)

Figure II: The fishing areas for Nephrops along
the French coast

The fleet is not homogeneous all over the coast. In fact, boat's characteristics (mostly the length) are
strongly correlated to the mean distance from their harbour to their fishing grounds. Roughly, the small
boats (with a length under 14-15 metres) operate mostly in the northern part of the bay within a 3 to 20
miles zoneii Their typical fishing trip is 12 to 16 hours long. Nephrops represents the half of their total
gross product (table I).

Table I: The main boat characteristics in the Bay of Biscay (personal elaboration, landings: IFREMER
[2])

The larger boats mainly operate in the southern par of the bay (from Lorient to La Cotinière). These boats
are more polyvalent and less dependant on the Nephrops resource (which represents only 25% of their
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gross product, as indicated in table 1). As their fishing journey is longer (between 2 and 3 days), they
need to use some specific onboard conservation systems to keep the Nephrops alive such as chilled fish-
preserves or SycocrusTM cold rooms.
Nephrops landings have been collected since the beginning of the sixties. According to fishermen, the
catches are highly variable, depending on meteorological and environmental variations. The Nephrops
production still seems to be decreasing after 1992. The fall of nominal fishing efforts which occurred at
the same period is not the only explanation for this decline. The fall of fishing effort seems to be
compensated by technical progressiii : the fleet is massively equipped with GPS, twin-trawls and
sometimes rockhoppers. The boats are therefore able to fish in zones where they had never worked
before, near rocks or wrecks, especially when they use rockhoppers.
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Figure III: Nephrops production in the Biscay Bay and fishing effort (Source: Ifremer)

The biologists responsible for the annual stock evaluation consider that the stock is also falling year on
year. According to their results, the major indicators present bad values: the spawning stock biomass has
been continuously decreasing for more than twenty years and the recruitment (calculated in number of
small Nephrops entering the stock every year) is also decreasing.

0

5

10

15

20

25

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

SS
B

 (
in

 1
00

0s
 to

ns
)

0

100

200

300

400

500

600

700

800

900

1000

R
ec

ru
itm

en
t (

in
 m

ill
io

ns
 a

ni
m

al
s)SSB Recruitment

Figure IV: Spawn stock biomass and recruitment evaluations in the bay of Biscay (Source: Ifremer)

According to the report of the working group on Nephrops stocks, “there are no management objectives
set for this fishery” [3], which is due to the fact that the classical points (such as the F0,1) can’t be
calculated. ICES thus proposed to follow a precautionary approach consisting in rebuilding the stock size
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biomass (SSB) to 18 000 tonnes: its level at the beginning of the 1990s. A strong reduction in fishing
effort was therefore required and has been proposed for several years.
The total allowed catch (TAC) has been drastically reduced in five years (-45%, from 1999 to 2003 - table
II). Paradoxically, an overexploitation situation has been exacerbated with a market glutting in spring.

Table II: TAC for harvested Nephrops in the bay of Biscay (Source: ICES)

Year 1998 1999 2000 2001 2002 2003 2004
Tonnage 5500 5500 4400 4000 3200 3000 3150

Currently, this measure is worthless: actual landings aren’t constrained by the TAC. Until 1999, the TAC
wasn’t set up to constrain fishermen activities. Since 2000, the ICES advisory group suggested to lower
the TAC in order to reverse the negative trend the spawning biomass [3]. Due to an internal political
bargain, the Fisheries Council never followed these advices. This is not the only case within the European
context: Franchino and Rahming stated that “from 1985 to 2000, more than 30 percent of the
Commission’s TAC proposals were increased by the Fisheries Council. Increases have averaged 30
percent” [4].
Moreover, even if a TAC measure seems to be simple (“You can fish until you reach the year limit”),
different interpretations exists. While scientific advisers understand a TAC as a sum of catches, fishermen
often consider the TAC as a sum of landings, which can be slightly different if discards are important.
Some evaluations stated that 75% (in number) of the Nephrops caught in the bay of Biscay were
discarded, especially small ones (pers. com. C. Talidec, Ifremer).
Recently, fishermen representatives pointed out that there could be another way to manage the Nephrops
fishery and proposed different alternatives to the TAC reduction.

REPRESENTING THE FISHERY

In order to test the different management alternatives, a bioeconomic model has been constructed. This
model try to represent the evolution of three fleets targeting two resources: Nephrops and fish. Some
boats are not targeting Nephrops within the model, as the majority of the boats fishing in the bay of
Biscay don’t target Nephrops. Including a such fleet allows to take into account the effects of an effort
reallocation which could occur after a change in the fleets environment (rise of gasoline price, depletion
of a stock, new regulations…).
The model structure presented in this paper is the same than the one presented by Metz [5]. It is quite
similar to several models recently used to describe the implications for the creation of marine protected
areas [6,7,8].
The region under survey is represented by a cube of dimension 1 in order to simplify the different
equations. The whole region is supposed to be homogeneous from an ecological point of view. The region
is split into two sub-regions: the “west” sub-region representing the offshore region, the “east” side
representing the coastal sub-region. The proportion of the total region assigned to west sub-region is 

€ 

α ,
with. 

€ 

0 <α <1.
This model aims at describing the fishery evolution in a short run perspective. The model time path 

€ 

Δt  is
therefore expressed in fraction of year (1/4, 1/12 or 1/52).

The two biological populations
The two populations (fish and Nephrops, named respectively H and L) are representing using an aged
structured model [9]. This will allow the model to take into account different fishing gears or technical
measures implementation such as mesh size increase. The dynamics of both stocks are represented
following several assumptions :

1. It is assumed that, in each sub-region, the different stocks are homogeneously distributed and
randomly dispersed at a constant density. The survival population is calculated for every
combination of stock, cohort and sub-region, at every 

€ 

Δt  period.
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2. Nephrops are supposed to be pleged to the east sub-region, with no migration to the west part of

the region, this implies that 

€ 

Nt
L,a,west = 0 ∀a,∀t . Fish migrations occurring between the two sub

areas are modelled with a diffusion model, according to Fick equation.

3. In order to simplify the model, recruitment occurs once a year, at the very beginning of the month
of January. As no stock-recruitment relationship can be found for each stock, recruitment is
supposed to constant. A random dummy variable is used to add more variability to this
phenomenon.

4. Weight is calculated using a Von Bertalanffy growth curve completed by the Beverton & Holt
isometric relationship between length and weight [9,10].

5. Finally, catch is assumed to be proportional to the density of animals in each sub-region.

The dynamics of the two stocks can thus be summarised as follows :
For the fish stock:

€ 

Nt+Δt
H ,a,r = Nt

H ,a,r ⋅ e−M
H ⋅Δt −

qΔt
H

d1
r ⋅ Et

H ,a,r, f

f
∑

 

 
  

 

 
  + d2

r ⋅ϕΔt
H ⋅ Dt

H ,a,east −Dt
H ,a,west( )

(Eq. 1)
with:

 

€ 

d1
r =

α if r =west
1−α if r = east
 
 
  and 

€ 

d2
r =

1 if r =west
−1 if r = east
 
 
 (Eq. 2) & (Eq. 3)

For the Nephrops stock :

€ 

Nt+Δt
L,a,west = Nt

L ,a ,west ⋅ e−M
L ⋅Δt −

qΔtL

1−α
⋅ Et

L,a,r, f

f
∑

 

 
  

 

 
  

(Eq. 4)
with :

€ 

Nt
i,a ,r the population of the ath cohort of stock i ( i = L, H ) in sub-region r ( r = west, east),

€ 

M i
the age independent mortality for stock i.

€ 

qΔt
i a measure of the catchability coefficient for the stock i during a 

€ 

Δt  period, which is
supposed to be geographically and age independent.

€ 

Et
i,a ,r, f a measure of the effective effort developed by the fleet f ( f = ct, ot, lt , see further), on the th

cohort of stock  in the sub-region,

€ 

ϕΔt
H

the age independent diffusive coefficient for stock i during a 

€ 

Δt  period. 

€ 

0 < ϕΔt
H <1( )

€ 

Dt
i,a,r the density of the ath cohort of stock i in the sub-region r.

Representing the fleets’ activities
Three different trawler fleets (respectively named lt, ct and ot) are represented in this model :

1. some large trawlers which only target fish in the west region,

2. several small coastal trawlers which cannot quit the east sub-region and thus target Nephrops with
fish as a bycath,

3. and opportunist  trawlers which can choose either to target fish in the west region or Nephrops
(with fish as a bycatch) in the east region.

Each type of trawler develops an effective effort on every combination of stock and age in every sub-
region, at every 

€ 

Δt  period:

€ 

Et
i,a ,r, f = st

i,a,r, f ⋅ Pr, f ⋅Tt
r, f

(Eq. 5)
with:

€ 

st
i,a,r, f a selectivity index describing the potential catch achieved on the ath cohort of stock i by the

fleet f in sub-region r,
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fleet f in sub-region r,

€ 

Pr, f the fishing power developed by the fleet f in sub-region r, during a 

€ 

Δt  period

€ 

Tt
r, f

the share of fleet fishing in the sub-area r. The general conditions are: 

€ 

0 ≤ Tt
r,f ≤1  and

€ 

Tt
west , f + Tt

east, f ≤1 . Moreover, according to the former hypothesis 

€ 

Tt
west,ct = Tt

east ,lt = 0
Gross products are calculated for each fleet :

€ 

GPt
r, f = pt

i ⋅ qΔt
i ⋅ 1− discΔt

i,a, f( ) ⋅ Dt
i,a, f ⋅ E t

i,a,r, f

a
∑

i
∑

(Eq. 6)
with:

€ 

pt
i the price for the catch from stock I,

€ 

discΔt
i,a , f the percentage of discard for stock i at age a by the fleet f.

The different prices are calculated within the model, regardless to the animal size, trough a demand
equation. Elasticities have been computed from landing data provided by OFIMER over the 1994-2003
period. A discard index is implemented in the model in order to consider the difference between catch and
landings.
Then, the net profit is defined for each fleet as :

€ 

Π t
r, f = GPt

r, f − cc r, f( ) ⋅ psr, f − fcr, f − actt
r, f ⋅ vcr, f

(Eq. 7)
with:

€ 

cc r, f the common costs for fleet f in sub-region r. These costs are shared between the crew and the
boat owner (gasoline, water, food…).

€ 

psr,f the owner share for fleet f in sub-region r. In the French coastal fleets, crew wages are calculated
as a share of the difference between gross product and common costs.

€ 

fcr, f the fixed costs for fleet f in sub-region r.

€ 

actt
r, f a dummy variable representing the fleet activity at time t: actt

r,f= 0 if the fleet doesn’t fish (for
different reasons: TAC completion before the end of the year, temporal closure…), 1 otherwise.

€ 

vc r, f the variable costs for fleet f in sub-region r.
If we consider the model hypothesis, the opportunist fleet can allocate its effort between the two sub-
areas. Several authors have tried to model the location behaviour of fishermen [11,12,13,14]. In this
model, the fishermen’ ability to move is expressed as a function of the difference of individual net profit
during the previous periods (in the different simulation runs, the difference is calculated for a complete
year and then compared):

€ 

movt ,Δt
east→west = ΨΔt

ot ⋅
Π t

west,ot

boatt
west,ot −

Π t
east ,ot

boatt
east,ot

 

 
 

 

 
 

(Eq. 8)
with:

€ 

ΨΔt
ot

a constant describing the ability to move from a sub area to the other 

€ 

ΨΔt
ot > 0( )

Data used in the model
The data used in order to calibrate the model consists in a sample of the boats operating in the bay of
Biscay, issued from the Regional Economic Observatory of Fisheries in Brittany.
For this study, boats were isolated within the observatory database. Their main targets (nephrops or hake)
were identified through their monthly landings records. After this first filter, boats kept for the study had
to be reported in the database for almost seven of the nine years covered by the Observatory (which was
created in 1994).
Two samples can be identified :

 trawlers targeting Nephrops in the Bay,
 trawlers targeting demersal fish in general and hake in particular.
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Due to the Observatory database limitations, these samples only contains boats from Brittany. This
restriction doesn’t consist in a huge simplification of the Nephrops fishery, as 80% of the Nephrops
trawlers operating in the bay are registered in this region. Nevertheless, it implies that no information
about larger trawlers from the southern part of the bay can be included in the model at this stage.
Concerning the trawlers targeting demersal fishes, data from the observatory are used as a proxy of what
could be a “standard” vessel targeting fish in the area.

MANAGING THE FISHERY: THE CURRENT SYSTEM VS FISHERMEN ALTERNATIVE
PROPOSALS

Different alternatives were tested within the model, in order to evaluate the effectiveness of the fishermen
organisations’ proposals. The results will be compared to simulation results presented by ICES [16] and
IFREMER [17] which tested some of these alternatives but without taking into account the possibility for
fishermen to reallocate after the implementation of a new management framework.

The different alternatives
Ten alternatives have been tested:

 The alternative 1 consists in the simulation of the current situation which consists in a non limited
TAC for the Nephrops fishery.

 The alternatives 2 and 3 test the ICES proposal of a reduction (30% and 50%) of the fishing effort
developed by the boats targeting Nephrops. The alternatives 4 and 5 test the same reduction
applied to all boats present in the region (targeting Nephrops or fish).

 Two runs considered the implementation of a TAC at a constant level for several years, which is a
fishermen request for several years (alternatives 6 and 7).

 The alternative 8 considers the implementation of a new selective trawl by the Nephrops trawlers,
protecting undersized Nephrops and fish and decreasing the fishing mortality for the small
Nephrops.

 The alternatives 9 and 10 consist in a fishing ban for the Nephrops fishery. In the case of the
Nephrops fishery, fishermen representatives agree that a one month ban could occur but only
during February, which is the middle of the low season for this fishery. In the same time, scientists
from IFREMER consider that the ban should occur during the peak of the season (May or June).
Two months are therefore considered for the ban in the model: the best month in terms of landing
(alternative 9) as well as the worst one (alternative 10).

Each alternative has been tested for three levels of time discount rate (2%, 10% and 15%) in order to take
into account different preference structures.
These alternatives were compared using VENSIM software. Due to the different hypothesis used to
construct the model and to exploit the available data, the results obtained must be considered as indicators
of trends only. Therefore they will be presented as variation of the results obtained by the alternative 1,
which could be considered as the standard situation. Alternatives 2 to 5 can be considered as ICES
proposals, alternatives 6 to 10 as fishermen proposals.

Main results of the model
Simulations were calculated for five years. Two indicators are used to present the results: the discounted
net profit (DNP) and an index characterising the recovery of the SSB. This index is calculated with SSBt

the level at time t, SSBinit the initial level and SSBobj the objective:

€ 

indext =
SSBt − SSBinit

SSBobj − SSBinit (Eq. 9)
In order to facilitate comparisons, the DNP of the whole system has been set to a value of 100 after five
years. DNP is calculated with a 10% discount rate, as the results are quite similar with a discount level of
2% or 15%.
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The nine alternatives tested present all the same structure: after five years, the SSB increased more than
the standard and DNP for the overall system is lower than for the standard, which is similar to IFREMER
results [17]. Such a diagnostic would conduct fishermen representatives to ask for a compensation system,
as they already did in some circumstances. But when considered carefully, the two groups of alternatives
(ICES or fishermen) don’t produce the same impact on the Nephrops fishery and the overall system.
The ICES proposals allow the SSB to recover within five years. Except alternative 4, all these scenarios
present a SSB at or over 18 000 tonnes. In the same time, the net profit of the three fleets are lower than
for the standard by 10% to 30%. Fishermen proposals ensure better profits but are less effective to recover
the SSB: after five years less than half of the way is achieved (table III), which would reinforce some
ICES members who claim that fishermen proposals are interesting but not enough [16].

Table III: Discounted net profit generated by the two fisheries (discount rate: 10%) and index for the
recovery of the SSB. * : ICES proposals, # : fishermen proposals (Source: personal elaboration)

After two and half years After five years

Alternatives Discounted
net profit

Variation of
DNP from
standard

Index for the
recovery of

the SSB

Discounted
net profit

Variation of
DNP from
standard

Index for the
recovery of

the SSB
1 56 0% 100 11%
2* 52 -8% 58% 92 -8% 94%
3* 51 -10% 81% 90 -10% 139%
4* 45 -20% 44% 85 -15% 65%
5* 37 -35% 75% 72 -28% 120%
6# 55 -2% 5% 97 -3% 26%
7# 54 -4% 15% 95 -5% 49%
8# 54 -3% 27% 98 -2% 44%
9# 54 -5% 18% 94 -6% 38%
10# 52 -8% 24% 94 -6% 34%

Concentrating only on the Nephrops fishery, results are more mixed: after five years, alternatives 2 & 5
(ICES proposals), 6, 7 and 9 (fishermen proposals) present similar economic results (table IV). This is
due to the fact that in our model, some boats can change from on fishery to the other.

Table IV: Discounted net profit generated by the Nephrops fisheries (discount rate: 10%) * : ICES
proposals, # : fishermen proposals (Source: personal elaboration)

After two and half years After five years

Alternatives Discounted
net profit

Variation of
DNP from
standard

Discounted
net profit

Variation of
DNP from
standard

1 15 27
2* 10 -31% 23 -15%
3* 6 -60% 15 -43%
4* 14 -8% 25 -7%
5* 12 -18% 23 -16%
6# 15 -2% 24 -12%
7# 15 1% 22 -18%
8# 14 -9% 28 2%
9# 12 -17% 24 -11%
10# 13 -11% 25 -7%
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For all the case, opportunist trawlers first quit the coastal region to reach the offshore area, which, with
this model structure and calibration, is more profitable. These movement are more important when the
measures only implies boats targeting Nephrops (especially alternatives 2 and 3). Moreover, these boats
only come back in the costal zone if the new regulation affects all boats.
If we compare alternatives 3 and 5, the loss are more important for the Nephrops fishery when the boats
targeting Nephrops are the only implied. In our case, implementing a new measure on both Nephrops and
fish wouldn’t be as effective for recovering the Nephrops SSB as if it had only concerned boats targeting
Nephrops.

CONCLUSION

If we can consider that the Nephrops fishery has some similitude with our model, we showed that
implementing new measures aiming at recover the SSB will imply profit decreases during the five first
years. In this case, fishermen representatives will certainly ask for the creation of a compensation system,
as they already did in other circumstances. If not, these measures would undoubtedly be avoided by
fishermen and thus would be ineffective.

Moreover, ICES proposals haven’t globally the same results than fishermen proposals, which is
comprehensible regarding their different objectives. As fishermen representatives sometimes claim:
“ICES goals are mainly to protect fish, not fishermen”, implying that fishermen organisations care more
about fishermen than ICES. Therefore ICES proposals, if fully applied, would help to restore the
Nephrops SSB within five years while causing fishermen non-negligible profit decrease. In the same time,
fishermen proposals would tend to maintain fishermen profits although the SSB wouldn’t recover entirely
within five years, also if fully applied.

The compliance seems to be the most important point in this fishery evolution. The efficiency of these
systems will depend on the fishermen’ attitude. One can be concerned also about the fishermen
representatives reactions. After the 2000 ICES report advising a strong TAC reduction, some fishermen
representatives claimed publicly that if this reduction would have been applied, they would allow their
fishermen to fish even if the TAC is reached.

The French fishermen organisations tend to propose more and more alternative measures to the current
management system. They also claim for the constitution of an “independent scientific group” which
would reassess the different resources diagnostic. In fact, there is currently a trend for Producer
Organisations (which manage the quotas in France) to hire biologists, in order to be able to discuss and
criticise the ICES advice. In the context of the creation of the Regional Advisory Committees (RAC),
fishermen representatives therefore try to impose themselves as an important element of the management
system, able to propose credible management measures and scientific advices about the exploited
resources. As the RAC are still not constituted, no one knows what will be their real power within the
CFP framework and who will participate in. It’s no doubt that fishermen representatives will be involved
and will do all that they can to place RACs in the centre of the CFP.
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ENDNOTES
i Potters operate in Nephrops fisheries from Northern Europe, like Scotland or Sweden.
ii This is a consequence of the French navigation rules which allow these boats to navigate only at a
maximum of 20 miles from the coast, taking into account the fact that such boats aren’t sufficiently stable
to navigate farther.
iii The measure of technical progress is crucial to appreciate the real impact of the fishing effort on
commercial stocks. An attempt has been made in the case of the French Mediterranean trawler fleet [18].


