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ABSTRACT 

The aim of this work is to estimate the supply elasticity of the fish regarding the variationsin one of the 
most important running costs (fuel cost) for the Galician fleet in the Celtic Sea. The Spanish fleet involved 
in the Celtic Sea fishing grounds, also known as the _300 fleet_, as when Spain joined the EEC it was 
made up of this number of vessels, presently has 199 vessels (the 70% of them operate from Galicia).This 
fleet mainly catches hake (merlucius merlucius), anglerfish (Lophius piscatorius and Lophius budegassa), 
horse mackerel (trauchurus trauchurus), megrim (Lepidorhombus whiffiagonis) and nephrops. Although it 
is currently possible to associate specific target species with particular fleets, various quantities of hake, 
anglerfish, megrim and nephrops are taken together, depending on the gear type. A supply function for 
each species has been estimated as an expression that depends on the price of fish, price of other fish 
landed by the fleet and the fuel price. The preliminary results indicate that the supply of some species is 
more elastic regarding the fluctuations in fuel prices than other ones. It could explain the strategy of the 
fleet for selecting the less elastic stocks to the fuel costs. 
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 INTRODUCTION 
The Celtic See Spanish fleet is composed of 199 vessels (whose average characteristics are: 203 GRT, 419 
Kw and 14 crew) which fish for demersal species in ICES areas Vb, VI, VII and VIIIabd (Figure 1). The 
fleet vessels are grouped in seven associations, each of them belonging to one of the main base ports of 
the fleet. These ports are located along the northern and north-western coast of Spain.  
The national Government, together with the supranational authorities (European Union), define the TACs 
and allocate quotas to the fleet. Besides, the Spanish law applicable to this fleet activity establishes that 
every producers association may have a quota on the total fishery input and output. Then, these 
associations are granted a maximum number of fishing days and of tons per regulated species, and both 
numbers are proportional to the historic rights of all the member vessels together. In their turn, these 
associations may allocate these rights among their members in individual access quotas and catch quotas. 
The active role the associations have shown within the deep-sea fishing sector in the last decades, their 
experience in management tasks, together with the existence of common cultural and social values among 
the fishery members, have favoured a greater involvement of users in management tasks. As a result, we 
are in the face of a present regulatory scheme where the users and their associations, with regard to the 
annual rights allocation, are those who take the management decisions and the Government is reported 
about them. 
The resource users play an active role, both individually and through their associations, in the definition of 
the management policy. Every association enjoys the rights of access and the right of withdrawal. The 
associations are the holders of the collective choice rights and decide about the availability of the rights of 
access and of the withdrawal for their members. In this process, the associations also delegate the 
operational right to the individual users. The latter, after receiving their right allocation, may reallocate 
them together with other members of the same association according to their real needs during the fishing 
season and as a result of their best operation strategies. 
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Figure 1: Map ICES areas 

The aim of this study is to estimate the supply elasticity of the fish regarding the variations in one of the 
most important running costs (fuel cost) for the Galician fleet in the Celtic Sea. For it, the study is 
structured in the following way. In section 2 the fishery in question is described. We will then look at the 
regulatory history. In section 4 we will pose the econometric model for the estimations. We analyze the 
results in section 5 and, finally, in section 6, we will comment the main conclusions.   
THE CELTIC SEE SPANISH FISHERY 
The Spanish fleet which operates in the Celtic Sea fishing grounds, also known as the “300 fleet”, as when 
Spain joined the EEC it was made up of this number of vessels, presently has 199 vessels. The vessels 
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which make up the fleet are divided up into seven associations (Table 1), of which approximately 70% are 
linked to Galician associations. The Spanish fleet mainly catches hake (merlucius merlucius), anglerfish 
(Lophius piscatorius and Lophius budegassa), horse mackerel (trauchurus trauchurus), megrim 
(Lepidorhombus whiffiagonis) and nephrops en las zonas ICES Vb, VI, VII y VIIIabd. Fleets from other 
countries participate also in the Celtic Sea; in particular France, UK, Denmark, Ireland, Norway, Belgium, 
Netherlands, Germany, and Sweden operate in these grounds depending on the fishing zone. 
Most of the demersal fisheries in this area have a mixed match. Although it is currently possible to 
associate specific target species with particular fleets, various quantities of hake, anglerfish, megrim and 
nephrops are taken together, depending on the gear type. Since the 1930s, hake has been the main 
demersal species supporting trawl fleets on the Atlantic coasts of France and Spain. Spain took around 
60% of the landings, France 30%, UK 5%, Denmark 3%, and Ireland 2% (ICES 2006, volume 9). Hake 
are caught throughout the year, the peak landings being made in spring-summer months. The three main 
gear types used by vessels fishing for hake as a target species are lines (UK and Spain), fixed-nets and 
trawls (all countries), mostly bottom trawls, and recently also Very High Opening trawls (Spain). A trawl 
fishery for anglerfish by Spanish and French vessels developed in the Celtic Sea, on the shelf edge around 
the 200-m contour to the south and west of Ireland and Bay of Biscay in the 1970s and expanded until 
1990. Although effort in most fleets appears to have declined since the early 1990s in the anglerfish 
fishery, the increasing use of twin trawls may have increased the overall efficiency. Megrim is caught 
predominantly by Spanish and French vessels, which together have reported more than 60% of the total 
landings. The nephrops fisheries are developed in the 1970s and 1980s, and they are an important 
component of the fleets in this area, however the fishing effort has decreased continuously since the early 
1990s (ICES 2006). 

Table I: Evolution of the number of vessels Spanish associations has in Celtic Sea 
Association   Location   1996 1999 2002 2004 

PASAJES   Basque Country  34 18 13 10 

NORPESC   Basque Country  9 11 8 8 

ONDARROA/OPPAO  Basque Country  38 48 47 44 

GOLDAKETA   Basque Country  26 -- -- -- 

ARPOSOL   Galicia   61 53 59 -- 

ARPESCO   Galicia   51 28 22 16 

PESCAGALICIA  Galicia   7 6 6 -- 

OOPP-LUGO   Galicia   -- 37 38 8 

OPECA    Cantabria  -- -- 8 8 

ANASOL   Galicia   -- -- -- 105 

TOTAL       226 201 201 199 

The state of these stocks is very different along the last decades. In the last assessment of hake (northern 
stock), ICES classifies the species as being at full reproductive capacity and being harvested sustainably. 
However, the SSB decreased in past decades, and then the European Commission established measures 
for the recovery of the northern hake stock (EC Reg. No 811/2004). The aim of the recovery plan is to 
increase the quantities of mature fish to values equal to or greater than 140 000 tonnes (Bpa) for two 
consecutive years. This is to be achieved by limiting the fishing mortality to F=0.25 and by allowing a 
maximum change in TAC between years of 15%. The current assessment indicates that the SSB is very 
close to Bpa (ICES, 2006). The increase appears to be due to a combination of good recruitment and 
moderate fishing mortality. In consequence, the TAC agreed is increased for 2005-06 (Table II). 
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Table II: Catches and agreed TAC in Celtic Sea Fisheries (hake, anglerfish, horse mackerel, megrim and 
nephrops). (‘000 tonnes). 1994-2005. 

 HAKE ANGLERFISH MEGRIM NEPHROPS 

 Catches TAC Catches TAC Catches TAC Catches TAC 

 V, VI,VII,VIII VI VII,VIII VI VII,VIII VI VII,VIII VI VII,VIII VI VII,VIII VI VII,VIII 

1994 53.1 60.0 6.0 21.9 8.6 23.9 3.0 16.4 4.8 20.3 11.1 4.3 12.6 20.0 

1995 58.9 55.1 7.2 26.8 8.6 23.2 3.3 19.1 4.8 22.6 12.8 4.9 2.6 20.0 

1996 48.8 55.1 7.0 30.2 8.6 30.4 2.9 18.1 4.8 21.1 11.2 4.3 12.6 23.0 

1997 44.4 60.1 6.2 29.8 8.6 34.3 2.8 17.3 4.8 25.0 11.2 4.4 12.6 23.0 

1998 35.8 59.1 5.4 28.2 8.6 34.3 2.7 19.7 4.8 25.0 11.2 5.0 12.6 23.0 

1999 40.6 55.1 5.3 24,5 8.6 34.3 2.5 16.9 4.8 25.0 11.5 4.2 12.6 23.0 

2000 42.6 42.1 4.4 22.0 8.0 29.6 2.4 15.5 4.8 20.0 11.0 2.7 12.6 21.0 

2001 37.2 22.6 4.0 22.2 6.4 27.6 2.4 17.1 4.4 16.8 10.9 3.3 11.3 18.9 

2002 40.3 27.0 3.0 26.7 4.8 23.7 1.6 17.5 4.4 14.9 10.5 4.0 11.3 17.8 

2003 41.8 30.0 3.0 31.7 3.2 21.0 1.7 18.6 4.4 16.0 10.7 2.9 11.3 17.8 

2004 47.1 39.1 1.2 34.9 3.2 26.7 Na 18.8 3.6 20.2 10.3 2.9 11.3 17.5 

2005 46.4 42.6 -- -- -- -- -- -- -- 21.5 -- -- 12.7 19.5 

Catches include discards. Catches from all fleets involved in the Celtic Sea. *: including VIIIc. na: not 
available. Source: ICES Advice 2006. 

Due to quota restrictions in this fishery for  many years, the Spanish fleet stopped fishing for up to two 
months in 2001, 2002 and 2003, and one month in 2004 and 2005. However, this temporary cessation of 
the fishery is not mirrored in the overall trend in fishing effort (ICES 2006). Spain accounts for the main 
part of the landings with 58% of the total in 2005. France is now taking 29% of the total, UK 6%, 
Denmark 3%, Ireland 2% and other countries (Norway, Belgium, Netherlands, Germany, and Sweden) 
contribute small amounts (ICES 2006). 

Regarding on the anglerfish, based on the most recent estimates of SSB and fishing mortality, ICES 
classifies the stock as having full reproductive capacity and being at risk of being harvested unsustainably 
(ICES 2006, Volume 5). A trawl fishery by Spanish and French vessels developed in the Celtic Sea in the 
1970s, and they together still report more than 75% of the landings (ICES 2006). 
About horse mackerel, in the absence of defined reference points and a full analytical assessment, the state 
of the stock is unknown (ICES 2006, Volume 9). Data exploration indicates that the SSB shows a decrease 
since the late 1980s. The fishing mortality is believed to be relatively low. 
In the megrim case, ICES classifies the stock as having full reproductive capacity and at risk of being 
harvested unsustainably. French trawlers operating in the fishery and targeting demersal species catch 
megrim as a bycatch. Spanish fleets have a targeted fishery for megrim and also catch megrim in mixed 
fisheries for hake, anglerfish, nephrops and other species. The landings have decreased in the last years 
(Table 2). The otter trawlers account for the majority of the Spanish landings. 
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Finally, the information about nephrops stocks is considered inadequate to provide advice based on 
precautionary limits (ICES 2006, Volume 5). According to the ICES report, the landings have declined in 
the last years (Table II), but Spain still has the largest contribution of the international landings. 

Table III:Composition of landings (%). 2000-2004 
    Value      Volume 
  2000 2001 2002 2003 2004  2000 2001 2002 2003 2004 

Anglerfish 12.21 16.92 11.05 8.69 8.77  9.30 15.05 10.56 7.67 6.22 
Hake  65.79 30.03 32.10 37.09 25.24  59.88 29.77 30.75 33.74 28.00 
Megrim  16.10 19.56 14.90 16.63 7.60  20.93 24.75 17.39 18.40 6.22 
Nephrops 3.15 3.30 3.15 3.18 5.83  1.16 1.67 1.55 1.53 2.22 
Other fish 2.75 30.19 38.75 34.41 52.56  8.72 28.76 40.06 38.65 57.33 
TOTAL 100.0 100.0 100.0 100.0 100.0  100.0 100.0 100.0 100.0 100.0 

Source: Own compilation from European Commission (2006). 
The vessels which make up the Spanish fishery are middle-distance vessels. Their spells at sea last on 
average fourteen days, with one day to travel from the base port to the fishing grounds and one day for the 
return trip. The majority of the vessels use trawl gear, the remainder using bottom longlines. It is a mixed 
fishery, hake being the target species, making up around 45% of the income obtained by the fleet in the 
period 2000-04 (Table 3), although with a downward trend due to reductions in TACs over said period. 
Adaptation to the changes carried out in the regulatory framework on which we will comment in the 
following epigraph has led to a reduction and renovation of the fleet, which has made it possible to 
increase catches per vessels (even with reductions in TACs) and also the average yield of the fleet. In 
particular, in 2004 an average of 230 tonnes was caught and the average income per vessel was 1111 
thousand US dollars as opposed to 103 tonnes and 239 thousand US dollars at the beginning of the 1990s 
(European Commission 2006), making it one of the most profitable fleets in the last decade (Surís et al. 
2002). 
THE SPANISH REGULATORY OF THE FISHERY 
Up until the 1960s, 500 Spanish vessels fished in the fishing grounds of the Celtic Sea with no restriction 
from six miles off the coast and out in the deep waters. When the Convention of London was signed in 
1964, countries with coastlines began to establish different regulations with the aim of restricting access to 
the fishing resources of their waters, although they recognised the fishing rights of the Spanish fleet in a 6 
to 12-mile zone. The European Community implemented a licenses system in 1978 and as a consequence 
the Spanish vessels had to obtain licenses which assigned the fishing rights. In 1981, a Ministerial Order 
(Ministerial Order of the Ministry of Agriculture and Fisheries, June/12/1981) recognised fishing rights 
were individual and assigned to vessels to fish in those areas for which the access mechanisms were 
introduced and the resource mechanisms were estimated. The characteristics defined in this Order had the 
following requirements: a closed census was conducted for vessels on the basis of historical criteria, and 
the access rights were established; the access rights of a vessel could be accumulated in other vessel that 
belong to the same company if this firm keeps a vessel in the fishing area; and the same company could 
transfer its fishing right without transferring legally one of its own vessels that were included in the 
census. On the other hand, these rights could not be transferred, assigned or transmitted independently to 
the fishing vessel. 
Initially, 415 trawl vessels (this was the number of vessels included in the census) obtained the right to 
participate in the annual Fishing Plans, by means of which the fishing licenses granted by the EEC to the 
Spanish government were distributed. And in spite of the fact that the census only included trawl vessels, 
the Spanish administration continued to maintain ten licenses in reserve for longliners. Therefore, a new 
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census was drawn up for this fishery in which 44 longliners over 100 GRT were inscribed. This new 
census was published in 1983 and was made up of 459 vessels.  
When Spain joined the EEC in 1986, the number of vessels authorised to fish in the fishing grounds of the 
Celtic Sea (with the exclusion of the Irish Box until December 1995) was cut to 300. But, of this number, 
only 150 vessels could fish simultaneously until the end of 2002, forming the so-called “periodical lists”. 
A new Ministerial Order (June/12/1992) established the possibility that the companies could accumulate 
the access rights of the scrapped vessels in other vessels. This system indeed allowed the number of 
vessels that are included in the census to have a number of fishing days that are closer, on the whole, to 
the needs of this fleet.  The Law 23/1997 (July/15/1997) allows firms to transfer the whole or a part of the 
access right or coefficient their vessels have to other units in the same census. Under this law the 
transferability is authorised either total or partial but now the firms are admitted having an access 
coefficient or rights with a timeless criterion, which is for a non defined time (the temporality as not stated 
in the Ministerial Order of 1981). The Spanish government is still in charge of the exercise of access and 
fishing rights, without compensations for fishermen, referred to both management and business or 
economic compensations. This new regime tries to make simpler that all vessels had sufficient number of 
days in the fishing grounds for a more rational and suitable development of their fishing activities. And, in 
relation with it, the new EU regulations related to fishing effort (the effort is now measured as the power 
of vessels multiplied by the number of fishing days) speeded up the need to rationalise the activity and 
showed a favourable position to allow that the remaining rights can be transferred by the holders who have 
too many to those who need more fishing rights in the ground. 
The Royal Decree 1838/97 (November/5/1997) regulates the beginning of fishing activity and the 
establishments and base changes of vessels. In particular, at the beginning of every year each vessel is 
assigned a modality with its right, fishing ground and base port. 
The Spanish Law is completes with the Royal Decree 1915/97 (December/19/1997), with reference to the 
controls over fishing. The only established limit to the free transfer of the access rights is a maximum of 
315 fishing days and a minimum of 210 days per year and vessel included in the census. That is, the 
minimum figure affects the owner of the transferring vessel and it aims to guarantee the profitability of the 
sector, and the maximum figure affects the vessel that receives those rights and it is established with the 
aim that a single vessel cannot accumulate more fishing rights than it can use per year (González Laxe, 
2006). 
Finally, the Law 3/2001 of Maritime Fish of the State establishes a new regulatory framework of 
transferability of fishing quotas. The allocation of fishing possibilities can be transferred by both the PO 
and the ownership, but it requires an authorisation of both the Ministry and the Autonomous Community 
(region) of the port base of the vessel, so as to regulate the consequences of displacements and the effects 
of a concentration. For the purpose of favouring the free competence, this law establishes that the volumes 
of fishing possibilities which can be accumulated by the same fishing firm will not be over the 30%. This 
law has been implemented at the beginning of 2007 in this fishery. 
As a result of the regulatory scheme in this fishery, the users and their associations, with respect to the 
fishing rights and annual quotas allocations, are those who take the management decisions and the Spanish 
government is reported about them. The resource users play an active role, both individually and through 
their associations, in the definition of the management policy. Every association enjoys the rights of 
access and the right of withdrawal. The associations are the first holders of the operational rights related to 
the resource. Starting to the initial rights allocation, the associations transfer their own rights to each other, 
and then allocate the total amount among their members. In this process, the associations are the holders 
of the collective choice rights and decide about the availability of the rights of access and of withdrawal 
for their members Garza-Gil and Varela-Lafuente, 2008). 
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The associations also delegate the operational rights to the individual users. The latter, after receiving their 
rights allocation, may reallocate them together with other members of the same association according to 
their real needs during the fishing season and as result of their best operation strategies. 
ECONOMETRIC MODEL 
The fishing product markets are characterized by the exchange of perishable goods, and therefore the sale 
of all the merchandise is assured through the “drop auction”. In our econometric model, we consider that 
the arguments of the fish supply function are the current price of the fish, the price in the anterior period of 
other substitute fish and the current price of the fuel, as a measurement of the variable costs. We develop a 
supply model for each species captured in Grand Sole waters, according to the following equation: 

� 

xi (t) = F(p(t),p(t −1),pf (t))           (Eq.1) 

where p(t)=(p1(t), p2(t),…, pn(t)) is the vector of current prices of the different species captured by the 
Grand Sole fleet, and pf(t) is the price of the fuel in the current period. We analyze the sensibility of the 
fish supply to price variations, through the supply elasticity-price, and mainly through the elasticity of the 
supply with respect to the fuel price. 
Although most of the supply function studies, use supply equations adopting a lineal or logarithmic form, 
in this paper we have opted for a double-logarithmic form that presents an advantage, as the estimated 
coefficients are equivalent to the elasticity. Therefore, the elasticity is assumed to be constant (in the 
empiric analysis of the model we justify the selection of a model with constant elasticity). Thus, the 
economic model briefly expressed in the Eq. 1 has been transformed into the following econometric 
model (Eq. 2). We estimate for the supply function of the Grand Sole species this structure:  

� 

log x it = a0i + a1i log pit + aji log pjt−1j=1

n∑ + a( n+1)i log pft + ε it   
for  t = 1,2,....,T and for i captured species     (Eq.2)

 

where log xit is the natural logarithm of the i product captures in the period t, log pit is the logarithm of the 
i product price in the period t, log pjt-1 is the price of the other products (substitute) in the previous period 
(t-1) and log pft is the price of the fuel in the current period, t. 
The model error ε is a Gaussian white noise, with mean zero and variance σ2. The parameters that 
accompany the explanatory variables represent the elasticity of the supply with respect to the different 
prices. 
RESULTS 
The first sale prices of the landings from the Grand Sole vessels (ex-vessel prices), seem to be related to 
each other, so if the sales of one of the products are influenced by the price of the others, the companies 
could bare in mind this relationship when planning their landings and subsequent supply. Similarly, fuel 
the prices influence the supply through the variable costs. We have estimated this relationship in the form 
of supply elasticity. 
The relationships between the prices of the different species are represented in the following graphs. In all 
the price distributions there exists a certain asymmetry towards the left, except in the case of the 
anglerfish, where it doesn't seem to be significant. 
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Figure 2: Dispersion graphs for the ex-vessel prices of the main Grand Sole species. 

The price of the Norway lobster is positively correlated with the price of the anglerfish and especially with 
the price of the megrim. There seems to be no correlation with the price of the hake (the slope of the 
regression line is almost null). The other significant slopes observed are those between the prices of the 
anglerfish and the hake, and mainly between the prices of the anglerfish and the megrim.  
The correlation coefficients between the prices are represented in the following table. All the correlations 
are positive, which could explain the substitutability of the different fishing productsi. 

Table IV: Correlation coefficients for the ex-vessel prices of the main Grand Sole species. 

Correlation Nephrops Hake Megrim Anglerfish 

Nephrops 1.00000000 0.00385588 0.60059434 0.49825957 

Hake 0.00385588 1.00000000 0.15177058 0.51913428 

Megrim 0.60059434 0.15177058 1.00000000 0.79606369 

Anglerfish 0.49825957 0.51913428 0.79606369 1.00000000 

Estimates of the supply functions 
In order to estimate the supply of the main four species captured in the Grand Sole waters, we estimate the 
econometric model presented in the previous section. We use the monthly data series of the sales in the 
Galician fish markets from 2003 - 2007 and the monthly prices of the fuel for the fishing vessels in the 
same period. Given below are the results for the different species. 
Hake  
GLM.1  In a model with constant elasticity 

glm(formula = log(hakekg) ~ log(pcfuel) + log(phake), family = Gaussian(identity), data = Data) 
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Deviance Residuals:  
 Min  1Q   Median  3Q   Max 
-0.42011    -0.15182     0.02148     0.13169     0.39404   
Coefficients: 
  Estimate  Std. Error   t   value Pr(>|t|)     
(Intercept)   15.7225 0.2457  63.998 < 2e-16 *** 
log(pcfuel)   0.6117 0.0766  7.985  7.27e-11 *** 
log(phake)    -0.5581 0.1587  -3.518 0.000862 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Dispersion parameter for Gaussian family taken to be 0.03502746) 
    Null deviance: 4.7786  on 59  degrees of freedom 
Residual deviance: 1.9966  on 57  degrees of freedom 
AIC: -25.902 

The sign of the estimators cannot represent the supply elasticity if the production variable costs are 
increased. The increase in the hake supply does not make sense from the economic theory point of view. 
The same goes for the supply elasticity-price estimated at -0.5581% would be indicating that a price 
increase implies that the salesperson will supply a smaller quantity. 
Since the model with constant elasticity does not seem to be appropriate, we tested a lineal model, the 
signs of the estimates being equally confusing. This could be due to the fact that the equation considered is 
a demand function and not a supply function. All considered, the fuel price may also determine the fish 
demand in the market place, since the fish brokers consider the transport costs as an influencing factor in 
their demand. 
GLM.2 In a model without constant elasticity 
glm(formula = hakekg ~ pcfuel + phake, family = gaussian(identity), data = Data) 
Deviance Residuals:  
       Min  1Q   Median  3Q   Max   
-540029.79  -206548.63       40.48   184765.27 769011.47   
Coefficients: 
            Estimate  Std. Error    t    value Pr(>|t|)     
(Intercept)  1461552      263448   5.548   7.81e-07 *** 
pcfuel       2843602  372142   7.641   2.72e-10 *** 
phake         -200283         51785   -3.868   0.000285 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Dispersion parameter for gaussian family taken to be 79152616002) 
    Null deviance: 1.0287e+13  on 59  degrees of freedom 
Residual deviance: 4.5117e+12  on 57  degrees of freedom 
AIC: 1680.9 

According to our results, the structure of the relationship between hake quantity, price and fuel price in the 
same period, does not seem to be the most appropriate to explain the hake supply ex-vessel.  
Anglerfish  
GLM.3  In a model with constant elasticity 
glm(formula = log(anglerkg) ~ log(pfuel), family = gaussian(identity),  
    data = Datos) 
Deviance Residuals:  
     Min         1Q      Median         3Q        Max   
-0.39823   -0.11980    0.02838   0.11270    0.60172   
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Coefficients: 
         Estimate  Std. Error       t   value Pr(>|t|)     
(Intercept)  12.91817     0.08964   144.119    <2e-16 *** 
log(pfuel)    0.18615     0.07711     2.414    0.0190 *   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Dispersion parameter for gaussian family taken to be 0.0356024) 
    Null deviance: 2.2724  on 59  degrees of freedom 
Residual deviance: 2.0649  on 58  degrees of freedom 
AIC: -25.882 

Only the fuel price is significant to explain the quantity of fish exchanged in the first sale markets. 
In this case the anglerfish supply elasticity, regarding the fuel price, is 0,271%, which would indicate that 
the anglerfish supply does not modify significantly when the fuel price varies, also that the anglerfish 
supply elasticity regarding the price of the other species that could substitute it (megrim and hake), does 
not seem to be significant. 
Megrim  
GLM.4  In a model with constant elasticity 
glm(formula = log(megrimkg) ~ log(pmegrim), family =gaussian(identity), data = Data) 
Deviance Residuals:  
      Min          1Q       Median          3Q         Max   
-0.284602   -0.128854   -0.009157     0.132127      0.390069   
Coefficients: 
             Estimate  Std. Error      t   value Pr(>|t|)     
(Intercept)       14.5140      0.1853    78.34    < 2e-16 *** 
log(pmegrim)  -0.7813      0.1206     -6.48   2.18e-08 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Dispersion parameter for gaussian family taken to be 0.02528002) 
    Null deviance: 2.5277 on 59 degrees of freedom 
Residual deviance: 1.4662 on 58 degrees of freedom 
AIC: -46.426 

In this estimated model the megrim supply elasticity regarding the fuel price is not significant, so the fish 
landings will not be altered by modifications in the price of the fuel, and therefore the sales will not be 
sensitive to their variations. The elasticity of the sales of this fish regarding the hake and anglerfish prices 
in the previous period is not significant. 
GLM.5  In a model without constant elasticity 
glm(formula = megrimkg~ pmegrim, family = gaussian(identity), data = Data) 
Deviance Residuals:  
    Min        1Q    Median        3Q          Max   
-146202    -83802    -19603     65542    319297   
Coefficients: 
            Estimate  Std. Error  t   value Pr(>|t|)     
(Intercept)  1097833      77202   14.220    < 2e-16 *** 
megrim     -101728       16295    -6.243    5.4e-08 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Dispersion parameter for gaussian family taken to be 9999336122) 
    Null deviance: 9.6966e+11 on 59  degrees of freedom 
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Residual deviance: 5.7996e+11 on 58  degrees of freedom 
AIC: 1555.8 

As in case with no constant elasticity, the variations in the quantity of megrim exchanged in the first sale 
are not significantly sensitive to modifications in the fuel price. We have also estimated the elasticity-price 
of the supply with a negative sign that could indicate that the structure is better adjusted for a demand 
function than a supply function in the fish markets. 
Norway lobster  
GLM.6  In a model with constant elasticity 
glm(formula = log(nephropskg) ~ log(pcfuel) + log(pnephrops), family = gaussian(identity), data = Data) 
Deviance Residuals:  
    Min         1Q     Median        3Q       Max   
-1.1480    -0.3570    0.1679      0.3687     0.8777   
Coefficients: 
               Estimate  Std. Error  t   value Pr(>|t|)     
(Intercept)    16.3402    0.8801    18.565    < 2e-16 *** 
log(pfuel)       0.8431     0.2257     3.735   0.000436 *** 
log(pnephrops)  -1.6481      0.2963    -5.563   7.38e-07 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Dispersion parameter for Gaussian family taken to be 0.2670028) 
    Null deviance: 24.439  on 59  degrees of freedom 
Residual deviance: 15.219  on 57  degrees of freedom 
AIC: 95.965 

The elasticity of the sold quantity of Norway lobster (supply elasticity) regarding the fuel price is 
estimated in 0.8431%; the sensibility of the sold quantity regarding the prices of the other species is not 
significant, according to our results.  
The elasticity-price is -1.481%, the negative sign of this parameter estimate seems to indicate again that 
the estimate could be of a demand structure and not one of supply. 
GLM.7  In a model without constant elasticitiy  
glm(formula = nephropskg ~ pcfuel + pnephrops, family = gaussian(identity),  
    data = Data) 
Deviance Residuals:  
   Min        1Q    Median       3Q       Max   
-82958    -30473    -3083     27297   101234   
Coefficients: 
             Estimate   Std. Error  t   value Pr(>|t|)     
(Intercept)    127798       24795     5.154   3.32e-06 *** 
pcfuel          211873     59675     3.550   0.000779 *** 
ppnephrops        -8560  1696    -5.046   4.91e-06 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  
(Dispersion parameter for gaussian family taken to be 1763009419) 
    Null deviance: 1.5130e+11  on 59  degrees of freedom 
Residual deviance: 1.0049e+11 on 57  degrees of freedom 
AIC: 1452.6 

In this case, the sensibility of the fish landings is positive, which indicates that, as the fuel cost increases, 
the sales also increase. 
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DISCUSSION 
The vessels that capture anglerfish, hake and megrim can, within the bounds of their quotas, substitute the 
captures of some fish for others, so they get better results in their sales in the fish markets. If the supply is 
elastic regarding the prices of the other landed products, they will have greater possibilities to influence on 
the revenues than with no-elastic supplies. Therefore, in order to plan the captures for the different fishing 
trips (approximately 15 days), it would be very useful to know how they could alter the supply in relation 
to past modifications of the prices of the different species that were captured and in relation to the price of 
the fuel. 
According to our results on the estimates of the supply of hake, anglerfish, megrim and Norway lobster, 
the elasticity does not seem to be significant, so the freedom for manoeuvre of the fishermen is low. 
According to the obtained estimates, the prices of the possible substitute products in the previous period 
would not influence significantly the sales in the current period.  
The estimated elasticity of the sales regarding the fuel price is 0.61%, 0.19% and 0.84% for the hake, the 
anglerfish and the Norway lobster respectively. This points out that increments in the variable costs would 
increase the sales and therefore the supply. This result seems to hide relationships between the sold 
quantities and the prices of the production inputs that are beyond our analyses. We have also estimated 
that the sold quantity of megrim is not affected by the price of the fuel. This could be due to the fact that 
the equation considered is a demand function and not a supply function. All considered, the fuel price may 
also determine the fish demand in the market place, since the fish brokers consider the transport costs as 
an influencing factor in their demand. 
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ENDNOTES 

                                                 
iFor example, if the price of the hake rises, this will make the vessels capture the product that could give them greater 
revenues (hake) and the captures of the others will decrease, which could lead to a descent of the supply of these 
other products that, under ceteris paribus, will make their price increase.  
	  


