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PROJECT : PERSONNEL AND TIME-TABLE
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� Visit of D. Pedro Antunes and Dña. Teresa Louro to University of Cádiz for a period of 

4 days. Adoption of common biological techniques.

� Preparation of program of work.

� Tentative timetable agreed for completion of various stages of work.

� Proposal for sharing of funding.

� Adoption of financial directive for incurring and monitoring costs.

2  nd   Meeting in Aracena. May 28, 1999.  

� Status of project work :

• Collection of biological data. Establishment of biological data base.
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• Analysis of the Interim Report.

� Review of project work timetable.

� Review of financial budget status.

� Reporting of significant occurrences since previous meeting.

� Proposed dates for future meetings.
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3  rd   Meeting in Puerto Real (Cádiz). December 9 – 10, 1999  

� Status of project work

• Analysis  of  the biological data. Agreement that the University of  Cádiz team will 

write the final report on biological aspects.

• Analysis of the socioeconomic data. Agreement that, given the characteristics of the 

two zones, each group will write their respective section of this part of the report

• Analysis and discussion of the bio-socioeconomic model. The final application of the 

model will  be undertaken by the University of Cádiz group, in respect of the Gulf of 

Cádiz fisheries.

� Review of the work timetable.

� Review of the financial budget situation. 

� Proposed dates for production of the Final Report.

� Reporting of significant occurrences since previous meeting 

� Agreement on communication by electronic mail for the exchange of information and 

sections of the final draft.

� Agreement  that  the  preparation  of  the  draft  and  of  the  definitive  Report  will  be 

undertaken by the University of Cádiz group, after receipt of all the draft sections, and 

organised into chapters. 

4  th   Meeting in Puerto Real (Cádiz). May 20, 2000  

� Agreement on common approach to the analysis of the socioeconomic data.

� Presentation of the bioeconomic results and chapters.
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SIGNIFICANT OCCURRENCES

1.- In the month of March 1999 (Easter week holidays) there was a break-down of 

the main Freezer of the Faculty of Marine Sciences in Puerto Real, Cádiz, where all the 

samples  of  sardine  and  anchovy  from the  Port  of  Cádiz  for  the  months  of  January, 

February and March, were stored. These were all lost as a result of their decomposition.

2.- Resignation of Ana Mª Juarez Davila as "junior scientist", effective 1st July 1999, 

as a result of her appointment with the public company "Desarrollo agrícola y pesquero de 

la  Junta  de Andalucía".  This  led  to  the initiation  of  a  open examination to  contract  a 

substitute. In accordance with the regulations of the UCA, this was completed in July and 

Dª Remedio Cabrera Castro was appointed to this post, as of 1st September 1999, when 

she took up her position.

3.- Dr. Manuel Augusto López Martínez required a medical operation which kept 

him in hospital from 24th January until 3rd February 2000 and in convalescence until 12th 

June  2000.  In  spite  of  his  continuing  to  work  from  home,  using  his  own  computer 

equipment, this represented a delay in the project, in the light of which a postponement of 

the date for the issue of this report was requested and granted.

As a minor but unexpected problem, which was overcome without detriment to the 

project, it should be reported that it proved impossible to obtain the required data from the 

Spanish Ministry of Agriculture and Fisheries. This lack of data was overcome by obtaining 

data from the General Directorate of Fisheries of the Junta de Andalucia and from the 

Port-Master’s Office of the Port of Cádiz.
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SCIENTIFIC SUMMARY

A study has been carried out of the fisheries of sardine (Sardina pilchardus) and 

anchovy (Engraulis encrasicholus) of the Iberian South Atlantic region, specifically the Gulf 

of  Cádiz  and  the  Algarve.  The  perspectives  of  the  study  are  both  biological  and 

socioeconomic, with the starting point being actual catches landed at the various ports of 

these regions.

The characteristics of  both the Spanish and Portuguese purse seine net fishing 

fleets have been studied, analysing the operations, activities and costings of the boats, 

owners and crews, considering also the cofradías (fishermens’ associations), the owners’ 

associations producers’ organisations or cooperatives. Two basic types of fleet have been 

differentiated in the Spanish zone : that of Cádiz (36 boats) and Huelva (31 boats), on the 

basis of the characteristics of the boats (gross tonnage, engine HP, crew numbers, etc.) ; 

the more important of the markets served by these are Cádiz, El Puerto, Punta Umbría 

and Huelva. In the case of Portugal, the total fleet studied comprises the 67 vessels, only 

30, associated in one or other of the Producers’ Organisations (OPs) : Barlapesca and 

Coopalgarvia ;  the  two  most  relevant  landing  ports  for  these  boats  are  Olhao  and 

Portimao.

From the results of our study and the conclusions drawn from the study of catches 

landed during the period 1985-1998, the ports of Cádiz, Olhao and Portimao were selected 

to conduct the biological study of the two species, on the basis of specimens caught by the 

same fleet. A total of 3,533 specimens of sardine (2000, 731 and 822, respectively, from 

Cádiz, Olhao and Portimao) and 4,187 of anchovy (3.976 from Cádiz and 211 from Olhao) 

have been analysed. In each species, our study has included the monthly variation in total 

length (TL), weight (W), age (by the otolith method), sex ratios, fatness condition (K), the 

gonadosomatic index (GSI), vicerosomatic index (VSI), repletion index (RI), L∞, k, ω, and 

ϕ´. The results obtained have been compared with those reported in previous studies of 

these same species.

The most appropriate models  of  production  (by Schaeffer  and Fox)  have been 

applied to the data collected on the two species, particularly the catch and fishing effort 

required to achieve this, in order to determine Maximum Sustainable Yield (MSY) and the 
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Total Admissible Catch for each. The economic parameters estimated include : total cost 

per unit of effort ( the variable cost or c), total fixed cost (FC),  total cost (% v), VAT (u %) 

and the demand function, for both the Gulf of Cádiz and the Algarve for the purpose of 

developing the theoretical model, which we have then applied to determine the optimum 

state  of  exploitation  of  the  two  fisheries  (Objectives  I  and  II  as  proposed  by  Clark), 

studying the growth, fishing effort and the markets to produce a simulation of the profit and 

loss accounts  for the two Spanish fleets.

Lastly, a series of possible improvements for the regulation of fishing activity have 

been proposed, taking into account the number of days per year, the average profit for the 

boat  owners  and the  average remuneration for  the  boat  crew members.  A  suggested 

figure  of  210  days/year  per  boat  was  taken  as  the  basis  for  our  “optimum  state” 

calculations. In the case of the Cádiz fleet, the simulated results could be described as 

good, although the fact cannot be avoided that the economic future of this particular purse 

seine  fleet  is  increasingly  uncertain  as  it  depends  crucially  on  the  outcome  of  the 

negotiations between the European Union and Morocco. In respect of the Huelva fleet, in 

relative terms, the results of the optimum state simulation would represent an increase of 

over 170% in the average annual profit of the owners and an increase of nearly 30% in the 

average  remuneration  of  the  crew  members ;  however,  these  %  increases  are  from 

extremely low bases, in absolute terms. For example, comparison of the simulations for 

actual (non optimum) conditions for 1998 indicate an average crew remuneration in Huelva 

that  is  barely  half  of  that  in  Cadiz,  for  considerably  more  days  fishing.  In  reality,  our 

proposals should only be seen as a worthwhile first step towards adequate returns on 

capital and labour for the Huelva fleet.

Key words : Sardine, Anchovy, Bioeconomic Model, TAC, MSY, Age and Growth, Purse 
Seine Net Fishing Fleet, Gulf of Cádiz, Algarve, ICES IXa.
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RÉSUMÉ SCIENTIFIQUE

Nous avons analysé les pêcheries de sardine et d’anchois de la côte sud-atlantique 

ibérique (le golfe de Cádix et la region de l’Algarve). Cette étude, réalisée d’un point de 

vue bio-socio-économique, a été exécutée suivants les déchargements effectués dans les 

différents ports.

Nous  avons  analysé  les  caractéristiques  des  flottes  espagnole  et  portugaise  à 

partir de l’étude des bateaux et des associations de pêcheurs et d’armateurs. Ainsi, nous 

avons différencié deux types de flotte dans la région espagnole (Cádiz,  36 bateaux et 

Huelva, 31 bateaux) d’après avec les caractéristiques des bateaux (GT, HP, crews, etc.) 

et considérant les marchés les plus importants: Cádiz, El Puerto, Punta Umbría et Huelva. 

En  ce  qui  concerne  le  Portugal,  ses  67  bateaux,  30  sont  associés  en  deux  OPs 

(Barlapesca et Coopalgarvia), dont les deux ports les plus significatifs pour cette étude 

sont Olhao et Portimao.

Selon ces résultats-ci et ceux qui ont été tirés de l’étude des prises réalisées entre 

1985-1998  nous  avons  selectionné  les  ports  de  Cádiz,  Olhao  et  Portimao  pour 

entreprendre  l’étude biologique de deux  espèces  à  partir  des  exemplaires  pris  par  la 

même  flotte.  Nous  avons  analysé  352  spécimens  de  sardines  (2000,  731  et  822 

provenant, respectivement, des ports de Cádiz, Olhao et Portimao) et 4.187 spécimens 

d’anchois  (3.976 de Cádiz  et  211  d’Olhao).  Chaque espèce  a été  examinée  selon  la 

variation  mensuelle  de  TL,  W,  l’âge  connu  sur  les  otolites,  les  proportions  de  sexe, 

condition  (K),  l’index  gonadosomático  (GSI),  l’index  vicerosomático  (VSI),  l’index 

d'repletion (RI), L∞, k, ω, ϕ´. Les résultats obtenus ont été comparés aux résultats d’autres 

études sur les deux mêmes espèces.

Nous avons employé les modèles de production (Shaefer et  Fox)  pour  chaque 

espèce à partir de la prise et l’effort de pêche pour déterminer le Maximun Sustainable 

Yield (MSY) et les TACs. Les paramètres économiques considérés ont été: Total cost per 

unit of effort (c: variable cost), total fixed cost (FC), total cost (% v), VAT (u %) and the 

demandant function, aussi bien en ce qui concerne le golfe de Cádiz que l’Algarve, à fin 

de développer un modèle théorique dont l’application nous a permis de déterminer l’état 

optimal  d’exploitation  des  deux pêcheries (objectifs  I  et  II  de  Clark),  en  éxaminant  la 
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croissance, l’effort de pêche et les marchés et ainsi simuler les comptes de résultats des 

flottes espagnoles.

Finalement, nous proposons une série d’améliorations selon les jours de pêche/année, le 

bénéfice moyen des armateurs et  le salaire moyen des membres de l’équipage; nous 

avons  fixé  210 jours/année  pour  chaque  bateau.  En ce  qui  concerne  Cádiz,  on  peut 

considérer que les résultats sont bons, mais nous ne devons pas oublier que le futur de sa 

flotte est assez incertain car il dépend des négociations de l’Union Européenne avec le 

Maroc. En termes relatifs, il s’agirait d’une augmentation de 173,48% pour les bénéfices 

moyens des armateurs de Huelva et de 29,45% pour les salaires moyens de l’équipage de 

la  flotte  de  cette  même  localité.  Nonobstant,  les  salaires  actuel  sont  si  bas  que 

l’augmentation relative est pratiquement insignifiante.
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SUMMARY FOR NON-SPECIALISTS

The Iberian South Atlantic fishing grounds are worked by several fleets using the 

purse seine net technique. These fleets consist of 67 Spanish boats (36 registered in the 

province of Cádiz and 31 in Huelva) and 67 Portuguese boats. Although for both countries 

the area of the region is large, the activity of these fleets is concentrated in  relatively small 

parts of this area. The fleet of Cádiz fishes in grounds some 45-50 km from the coast, 

extending from the Bay of Cádiz to the mouth of the river Odiel ; that of Huelva fishes 

between the mouth of the river Guadalquivir and Ayamonte at a distance of approximately 

15  km  from  the  coast,  in  waters  some  35-40  m  in  depth.  The  Portuguese  fleets 

concentrate  their  activity  on  four  zones :  Albufeira  (Olhos  de  Água),  Lagos,  the  zone 

between Olhão and Fuzeta, and off Cape St Vincent.

The boats of the Cádiz fleet have length of between 14 and 20 m, an average 

weight of nearly 50 tgm and an average engine rating of nearly 350 HP, and provide work 

for a total of 785 crew members. The boats comprising the fleets of Huelva and Portugal 

are smaller and similar to one another ; the length of the Huelva boats varies between 10 

and 12 m and the average length of the Portuguese boats is 10 m ; boats of both fleets 

have an average weight of 16 tgw ; the average engine rating of the Portuguese boats is 

110  HP,  as  against  136  HP  for  those  of  Huelva.  The  both  fleets  provides  direct 

employment for more than 1100 crew members. 

Between the years 1985 and 1995 in Spain, a certain stability can be seen in the 

total  catches  of  sardine  and anchovy,  with  a  slight  tendency  towards a  decrease but 

considerable year-to-year fluctuations. However, in the years 1997 and 1998, there was a 

large increase in the catch of anchovy, by a factor of 2-3, to reach more than 20,000 mt in 

1998 ; in contrast, the catches of sardine only showed a slight increase over the levels of 

1992-94. The average fishing effort per boat also shows considerable annual fluctuations, 

ranging between 4 and 18 days of fishing per month across all boats. In the Algarve, the 

period of  study began with  total  annual  catches  of  sardine  (the predominant  species 

caught) of less than 15,000 mt per year in 1990-91, then there was a sharp drop in 1992, 

followed by a gradual recovery to reach slightly more than 20,000 mt per year maintained 

up to 1998.
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In respect of the prices fetched by the two species in the fish markets, the trend 

has been towards a slight increase over the period, particularly for anchovy, with sardine 

prices appearing more stable. In 1998, for the first time, prices for the two species tended 

to converge. In the Algarve, the evolution of sardine prices is influenced mainly by the 

demand from the conserving industry. These large companies control the prices of sardine 

during 8 months of the year, but in the summer months the prices are set by demand for 

fresh consumption mainly from the tourism industry. Over the period 1987-99 there has 

been a tendency for prices in constant terms to increase, reaching a maximum in 1999, 

although there was another peak in 1991.

A biological study has been made of both species and, on the basis of the results 

from the study of catches and their evolution between 1985 and 1998, the ports of Cádiz, 

Olhão  and  Portimão  were  selected  for  sampling  of  fish.  This  study  was  based  on 

specimens caught by the fleets themselves since one of the interests of the study is to 

determine  with  precision  the  biological  characteristics  of  the  catches.  A  total  of  3552 

specimens of sardine (2000 from Cádiz, 731 from Olhão and 822 from Portimão) and 4187 

specimens  of  anchovy  (3976  from Cádiz  and  211 from Olhão)  were  studied.  In  both 

species, the monthly variation of a wide range of variables was monitored, including total 

length, weight, age (by the otolith method), sex ratio, condition of fatness and indices for 

sexual  maturity,  growth  and  rate  of  feeding,  and  L∞,  k,  ω,  ϕ'.  Various  relationships 

between these variables were also calculated. The results obtained were compared with 

those from other published studies of these species.

For the sardine catch, the total specimen length ranged between 120 (juvenile) and 

240 (female) mm, with 175 mm being the most frequently caught size. Catches landed at 

Portimão tended to be larger and of greater weight than those at Cádiz. The maximum 

weight of specimen was found at Portimão (112 g) and the minimum at Cadiz (15.4 g). 

Overall the sex ratio was found to be close to parity but there were difference in function of 

port : at Cadiz the males are predominant (1.3 : 1), whereas the females are predominant 

at  Portimão  (1 :0.4),  with  the  ratio  at  Olhão near  to  parity.  The size  of  males  varied 

between 133 mm and 224 mm, that of females between 134 mm and 240 mm. Specimen 

length  at  first  reproduction  was  established  at  between  130  mm  and  135  mm.  The 

reproductive cycle begins in June and the period of equiescence lasts until August, after 

which month, in both males and females, the weight of the gonads increases rapidly.
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 The pattern of age was found to be similar to that of size. Four age-classes were 

determined in the catch (2+, 3+, 1+ and 4+, in order of numerical frequency). However, no 

specimens  of  the  youngest  age were  caught  at  Portimão,  where  the  most  frequently 

caught specimens were of age 3+. At Olhão the catch in order of age frequency was 2+, 

3+ 4+ and 1+.

The size range of anchovy caught was from 90 mm to 172 mm, with a mean of 

129.3 mm. The mean at Cádiz was 128.2 mm and at Olhão 149.8 mm. The sex ratio found 

for the total sampled was 1.39 females to every male but the female predominance was 

even greater at Olhão (2.9 to 1). Females also were of larger size (mean total length 133.3 

mm) than males (mean TL 129.9 mm), while the sexually-indeterminate specimens were 

the smallest (mean TL 114.6 mm). There were no significant differences in size between 

males and females among specimens larger than 136 mm. The growth pattern follows a 

seasonal pattern in both sexes, with the maximum for males in May and for females in 

June ;  for  both  sexes  the minimum is  in  February.  The highest  values  for  the  sexual 

maturity index (GSI)  occur in  May and July for males and in June for  females.  There 

appears to be a period of  equiescence in  September-October.  Four age classes were 

determined : 2+, 1+, 3+ and 4+ in order of frequency in the catch, while the age class 

contributing most to the catch is 2+, with a mean TL of 125 mm.

To determine the  total  admissible  catch  (TAC) and maximum sustainable  yield 

(MSY)  of  the  two  species,  the  production  models  of  Schaefer  and  Fox  were  applied 

through the analysis of catches and the effective fishing effort, it was demonstrated that 

the sardine catches depended statistically on those of anchovy, denoting a substitution in 

demand. It was also detected that both species are over-exploited and that the catches in 

1998 exceeded the TAC proposed in  this  report.  One factor  contributing to  this  over-

exploitation is the large volume of catches of age class 1+. In our opinion, if this practice 

continues, these species could enter a period of vulnerability which would increase the risk 

indefinite over-exploitation and, in the medium term, lead to the possible collapse of the 

fisheries. For this reason, it is proposed to regulate the fishing effort and to control catches 

by a combined TAC for both species together.

The costs incurred in the fishing activity have been studied in order to estimate 

factors such as the total cost per unit of effort (the variable cost per day of fishing), the 

total  fixed  cost  per  boat,  total  costs  and  VAT,  and  the  demand  function  has  been 

determined, both for the Gulf of Cádiz and for the Algarve ; the coefficient of cost per unit 

XIII



of effort for each fleet has been estimated. It is observed that, in the Spanish case, the 

price of anchovy is conditioned by the volume of catch landed but this is not the case for 

sardine prices. The prices fetched by the two species are correlated,  such that  as the 

anchovy price increases, that of sardine decreases. The model which explains 75% of the 

variability shown by the sardine price over the period demonstrates that sardine is not the 

primary target species of this sector and that its price is conditioned by the anchovy price. 

In the Algarve, in contrast, the price has stayed relatively constant ; anchovy catches are 

much less significant here and sardine demand is dominated by the conserving industry 

(apart from in summer).

Taking  as  our  theoretical  basis  the  bio-economic  model  of  Clark  (1990)  in  its 

version which recognises that the price of a resource depends on the catches, a simple 

model is proposed, discussed and applied to analyse these fisheries. This has allowed us 

to determine the TACs, the optimum fishing effort (number of boat/days of fishing per year) 

and the optimum biomass for each species and fleet from the socio-economic point of 

view ; an annual profit and loss account for each fleet as a whole (Cadiz and Huelva) has 

also been simulated.  In respect  of  the Cádiz  fleet,  the results  of  this simulation under 

optimum conditions can be considered good, although it must be borne in mind that the 

future of the Cadiz fleet is increasingly uncertain and depends crucially on the negotiations 

between the E.U. and Morocco. In the case of the Huelva fleet, it is shown that actual 

profits to owners and earning of crew are so low that the percentage increases given by 

our optimum conditions simulation would, in real terms, be only a partial correction of the 

fleet’s poor economic situation.
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SUMMARY FOR MANAGEMENT

The objective of this project has been to carry out a biological, social and economic 

study of the anchovy  (Engraulis encrasicolus) and sardine (Sardina pilchardus) fisheries 

of the Iberian South Atlantic region included in the ICES area IXa; the study is based on 

catches landed at the corresponding ports.

These two species belong to the group of small pelagic fish, consequently their 

growth and recruitment present wide variations in function of the environmental conditions. 

This  factor,  together  with  the  existence  of  relatively  few  age  classes  to  provide  for 

adequate recruitment, makes these populations very vulnerable to collapses. In addition to 

being species of short life and rapid growth, their typical behaviour is to form large shoals 

to avoid depredation.

The  maximum  size  frequency  of  the  sardine  caught  is  175mm,  ranging  from 

120mm to 240mm in overall length. The sardine catches landed at Portimao are generally 

of the larger size fish, and those landed at Cádiz the smaller size fish. Fish weight follows 

the same pattern, with fish of 15.38 grams average weight landed at Cádiz, as against fish 

of  112.1  grams  average  weight  at  Portimao.  Overall,  the  proportion  of  each  sex 

approaches parity (1:1 ratio); detailed study of this variable by port indicates that at Cadiz 

the males are predominant (ratio of 1.3:1), at Olhau the proportions are close to parity 

(ratio of  0.98:1),  while  at  Portimao the females are predominant  (ratio  of  0.41:1).  The 

length of the males varies between 133mm and 224mm, and that of females between 

134mm and 240mm. From the catch data, the size at  first reproduction is found to be 

between 130mm and 135mm. The reproductive cycle begins in June, with the period of 

quiescence which lasts until  August,  and from this month onwards,  in both males and 

females, the weight of the gonads increases rapidly.

From the study of the catch, 4 age classes have been determined. In the catches 

landed by the Spanish fleet there are is a significant proportion of fish of age class 1+, but 

in the Portuguese fleets, catches of the youngest fish are either scarce (at Olhau) or non-

existent (at Portimao). 

In respect of the anchovy, the sizes caught range from 90mm to 172mm, with a 

mean of 129.3mm. In Cádiz, the mean found is 128.2mm, which compares with 149.83mm 
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at Olhau. The male/female ratio found for the total sample is 1.39:1 although at Olhau the 

ratio is considerably different, at 2.9:1, and the females (mean TL 133.3mm) are larger 

than the males (mean TL 126.9mm) and the individuals of indeterminate sex are smaller 

(mean TL 114.6mm). Among the largest  individuals  (mean TL <136mm), there are no 

significant  differences  between  males  and  females  in  respect  of  size.  The  somatic 

condition follows a seasonal pattern in both sexes. The maximum occurs in May for males 

and in June for females, and the minimum for both sexes in February. The highest values 

for the GSI are found between May and July for the males and in June for the females. 

There appears to be a period of quiescence in September and October. Four age classes 

have been determined (2+, 1+, 3+ and 4+, in order of importance in the catch); the age 

class contributing most to the catch is 2+, for which the mean TL is 124.97mm.These 

results demonstrate the strong pressure being exerted on the age classes 1+ and 2+ in the 

catches, which clearly indicates over-exploitation of the younger fish.

In  the Iberian South Atlantic region,  there are currently 134 boats  dedicated to 

fishing these two species (67 Spanish and 67 Portuguese). However, the purse seine fleet 

is far from being homogeneous in boat characteristics. The 31 boats based at Huelva and 

those in  the Algarve,  Portugal,  provide work for a total  of  223 crew members,  have a 

length of 10m and an average of 16 tonnes gross weight; in contrast, the boats of the 

Cádiz fleet,  36 in number, provide work for 785 crew members, are of 14m to 16m in 

length and have an average gross weight of 49.5 tonnes.

The  differences  observed  in  the  fishing  practices  between  the  Spanish  and 

Portuguese zones are due to their different target species: over the two year period of this 

study, in Portugal sardine accounted for nearly 90% of the total catches landed by the 

purse seine fleet,  whereas in  Spain  anchovy was the main target  species.  Within the 

Spanish zone, a similar distinction in fishing practice can be made between the fleets of 

Cádiz and Huelva. The former works fishing grounds at considerable distances from the 

coast since their nets are designed for the depths found in the Moroccan grounds, while 

the latter carries out inshore fishing, the boats being adapted to the bathymetric conditions 

of  the coastal  zones fished.  In addition,  the characteristics  of  the two fleets  (tonnage, 

engine power, etc.) and the corresponding cost structures enable a clear separation to be 

made between the fishing activities undertaken by the purse seine fleets of Huelva and 

Cádiz.
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From among the various  possible methods of  determining  the  TACs,  two have 

been selected:

1. A TAC based on two-thirds of the total fishing effort corresponding to the 

maximum sustainable yield, termed the  “biological TAC”, which implies a 

greater degree of stock conservation;.

2. A TAC based on the maximum present value of the future profits to be 

generated  by  the  fishery,  termed  the  “economic  TAC”,  which  implies 

larger catches.

The most striking result is the low incomes earned by the fishermen and boat owners of 

the province of Huelva; this situation could be partially alleviated by the laying-up of some 

of  the  boats  currently  in  use.  Another  notable  feature  is  the  relative  similarity  in  the 

economic results of applying one or other of the two proposed TACs, even taking into 

account that the “biological TAC” represents a reduction of some 30% in the fishing effort. 

From  the  simulated  financial  accounts  produced  under  these  TACs,  three  important 

conclusions can be drawn:

1. The socio-economic situation of this fishery sector as a whole would show relatively 

little variation from the application of one or other of the proposed TACs.

2. The application of the biological TAC would provide a more secure conservation of fish 

stocks.

3. The application of the economic TAC would provide greater satisfaction of consumer 

demand. 

The demand curve established for the anchovy and its relationship to the supply 

curves of the two fleets leads to a “backward-curving” situation. This gives some idea of 

the strong pressure that consumption is exerting on stocks of both species. This is creating 

“economic over-exploitation”. 

The  situation  is  therefore  critical  since  the  imposition  of  one  or  other  TAC is 

inadmissible. If new fishing grounds could be opened, this would reduce the pressure on 

the fishing grounds of this zone and would, to a large extent, satisfy consumer demand. 

The situation is aggravated by the continuing closure of  the Moroccan grounds to the 

Spanish fleet;  the financial  assistance being provided only  compensates the economic 

losses being incurred; catches landed in the year 2000 are the lowest in recent years and 

XVII



anchovy prices are the highest. Thus the re-opening of the Moroccan grounds would allow 

the conservation of the national fishing grounds and the satisfaction of consumer demand.

The situation described has been clearly aggravated by the increase in fuel prices 

and the depreciation of the euro, which have resulted in a considerable increase in the 

variable cost of the fleets. This in turn will lead to a reduction in the earnings and profits of 

the fleets. In the case of the Huelva fleet, the profit per boat will fall by nearly 40% and the 

fishermens’ earnings will fall by 13%. The Cadiz fleet will suffer a 10% reduction in profit 

per boat and a 5% reduction in fishermens’  earnings.
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INTRODUCTION.

The principal objective of this study is the social, economic and biological situation 

of the anchovy (Engraulis encrasicolus) and sardine (Sardina pilchardus) fisheries, based 

on the multi-species fishing  grounds of  the Iberian South Atlantic  region consisting  of 

Region IX. The time frame for the study is the present and short-to-medium term future. It 

is intended that the results of the study will provide data for the optimum regulation of both 

fisheries,  based directly  on catch data from the fish markets and from the “cofradías” 

(fishermen’s associations) and the associations of fishing boat owners and fish producers.

Within this broad general objective, four more specific objectives can be defined :

1.- To analyse the current and future socio-economic and biological situation of the 

fisheries, together with the social consequences derived from those regulations that have 

been in effect up until now.

2.- To propose corrective measures and specific Total Admissible Catches (TAC) 

for both fish populations, with the aim of optimising the economic results of the fishing 

activity and of preserving fish stocks for long-term exploitation.

3.- To make useful comparisons between the single- and multi-purpose fleets that 

fish  these  grounds,  studying  in  particular  the  possibility  of  some  form  of  alternation 

between the two as a regulatory measure.

4.-  To  obtain  a  simple  mathematical  model  that  is  capable  of  predicting  the 

evolution of the social, economic and biological parameters, with and without regulation.

Thus, the purpose is to reconcile socio-economic interests with preservation of the 

marine natural environment, considering the particular characteristics of the single- and 

multi-purpose fishing activities and of the population dynamics of the anchovy and sardine.

The study also takes into account  the social  and economic realities  of  the two 

geographical and administrative regions concerned: the Algarve (Portugal) and Western 

Andalucía  (Spain)  and  their  different  perspectives  regarding  both  the  exploitation  and 

evaluation of  resources,  and the socio-economic and commercial  factors of  the fishing 

activity based on these two species in the area studied.
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CHARACTERISTICS OF THE PURSE SEINE NET FISHING FLEE T AND THE 
ASSOCIATED FISHERIES SECTOR IN THE GULF OF CADIZ
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SPAIN

According to the latest official listing of boats prepared by the Secretary-
General for Maritime Fishing, on 31st July 1999, there were 159 boats in the census of
the purse seine net fleet of the Gulf of Cádiz. This official census, by base port of each
boat, is shown in the Annexes section of this report.

The selection of the fleet to be considered in our model is made for two purposes :

1. Retrospectively, in order to compile statistical information on the fishing effort
expended and on the catches landed, for determining biological parameters.

2. As a future projection, in order to design the “average” type of fleet for inclusion in
our model, defined by economic parameters.

This census of 159 boats includes 30 which at the ruling date were officially out
of service. In addition, there are 2 more boats from other ports which were
subsequently incorporated in this fleet. Consequently, for purposes of future projection,
the effective size of the fleet is 131 boats.

According to Millán Merello (1992), the boats equipped for purse seine fishing
operating in the Gulf of Cádiz can be classified into 5 separate groupings :

• The single-purpose fleet of Barbate
• The multi-purpose fleet of Barbate, known as the “barquillas”.
• The multi-purpose fleet of Sanlúcar
• The single-purpose fleet of the province of Huelva.
• The multi-purpose fleet of the province of Huelva.

The term “single-purpose” is understood to mean those boats which use purse
seine nets only, while the “multi-purpose” boats are capable of using, in addition, other
techniques such as trammel nets, multiple-hook lines or creels. It should be noted that
this latter group includes mainly small craft-fishing boats from the smaller home ports.

From among these five fleets, we shall exclude from consideration those boats
which, although using purse seine nets as their main technique, are in practice
dedicated to catching species other than anchovy and sardine. This exclusion is
considered justified because these small heterogeneous boats excessively complicate
the statistical measurement and interpretation of fishing effort, catches and prices, and
may thus lead to significant errors when the required parameters need to be
estimated.

For these reasons, in this study, the following are not taken into account :

• The multi-purpose fleet of Sanlúcar, because when purse seines are used,
the main target species is the chova (Pomatomus saltator), and anchovy to a
lesser extent, but never sardine.

• The multi-purpose fleet of the province of Huelva (mainly based at Isla
Cristina) because, on the infrequent occasions when purse seines are used,
the target species is almost exclusively sardine.

• The multi-purpose fleet of Barbate, the “barquillas”, which consists of small
boats mainly practising techniques other than purse seine fishing.

Only two fleets will be taken into account : the single-purpose fleet of Barbate,
which in the remainder of this report will be designated the Fleet of Cádiz (36 boats)
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which works the national fishing grounds ; and the single-purpose fleet of the province
of Huelva, designated the “Fleet of Huelva” (31 boats), which catches the same
species as that of Cadiz but in its coastal fishing grounds.

It must be stated that although the number of boats selected for inclusion in the
study is reduced to 67, representing 51.14% of the total fleet by numbers, the catches
made by these boats account for almost 80% of the total catch of anchovy and sardine
in the Gulf of Cádiz.

THE FLEET OF CÁDIZ

These boats are based at the port of Barbate, which is the closest port on the
Iberian Peninsula to the anchovy and sardine fishing grounds and is very well-
equipped to meet all the needs of the fleet. Crew members generally live in Barbate,
too.

Generally speaking, these boats were originally designed to work exclusively
with purse seine nets, catching anchovy and sardine in what is now the Moroccan
Atlantic zone where previously Moroccan licences were not required for fishing. The
grounds are relatively distant, at more than a day’s sailing time, and therefore the
boats have galleys on board. When the international fishing agreements between the
E.U and Morocco came into effect (at the present time, the agreement has expired and
no date has yet been set to begin renegotiations) there was a change in circumstances
for many boats. Those which had been given temporary licences, to fish for a short
period of time, continued to operate in the Moroccan fishing grounds and return to
Barbate to land their catch. Those without licence transferred to the port of Cádiz, the
provincial capital, from where they operated in the Spanish national grounds, again for
anchovy and sardine, with sailing times of less than one day, returning to land their
catch in Cádiz, the port closest to the national fishing grounds.

There is no necessity for a boat to land its catch in its home port. As explained
above, Cadiz has become the principal landing port for these boats, and this has been
taken into account in the statistical study of landings of these two species. However, it
has also been observed that frequently boats of the Cádiz fleet land catches in El
Puerto de Santa María, and this has also been taken into account in this study. But
since the catches of anchovy and sardine landed in Barbate originated from the
Moroccan fishing zone, these have not been included in the study.

The boats of this fleet tend to be older than those of Huelva, some such as the
Virgen de la Oliva are more than 70 years old. The average date of construction is
1970, thus indicating that the fleet is in urgent need of renewal. All boats were
registered in Andalusian ports, most of them in Cádiz (CA) and Algeciras (AL),
although some are from Almeria (AL), Ceuta (CU) and Huelva (HU). The boat Atila is a
new incorporation in this fleet, having transferred from the Mediterranean. The entry in
service of the boats Nuevo Pepita Aurora and Nuevo Francisco Isabel was a
consequence of the loss of the boats Pepita la Aurora and Francisco e Isabel,
respectively. The boats Regla María and Nueva Regla María (a new incorporation to
the fleet from Cádiz) are both in service concurrently. Thus the fleet at the present time
consists of 36 boats.

In order to analyse if there are significant differences between the boats
studied, a statistical analysis of the classification of the boats according to their
characteristics, using the “cluster” method with the criterion of the “nearest neighbour”.
The characteristics of each boat taken into account for this analysis are : length (m),
gross tonnage and engine power (HP). The results are shown in Figure 1.
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Fig. 1 : Classification analysis of the Cádiz fleet, in function of main boat 
characteristics.

Two groups are differentiated, one formed by the small boats Mari Paz, Nuevo
Delfin, Sea lo que Dios Quiera and Torpedo Primero, the other formed by all the rest.
These four boats segregated from the rest of the fleet belonged in previous years, to
the so-called “flota de Barquillas” of Barbate, and had never been licenced to fish in
Morocco ; they have an average crew of 6 members, whereas the rest have crews of
between 16 and 30 members.

Excluding these 4 boats, the fleet is characterised by boats of more than 14 m
length, with three boats having lengths of more than 20 m. All boats are over 20 gross
tonnes.

The average characteristics of the 32 boats considered are :
� Tonnage : 49.56 GT
� Power : 348.5 HP
� Crew number : 21.8 members.

The totals for the entire fleet of 36 boats are :
� Total tonnage : 1,734.65 GT
� Total power : 12,198 HP
� Total crew : 785 members.

At the time of writing this report, the fleet is tied up, inactive, in port and
receiving public subsidies for social purposes, due to the lack of a fishing agreement
between the E.U. and Morocco.
THE FLEET OF HUELVA

In total 31 boats have been selected for study, of which 21 have Punta Umbria
as their home port, 8 are based in Isla Cristina, 1 in Huelva and 1 in Lepe. In
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comparison with those of Cádiz, the boats are small. They have generally been
designed for purse seine net fishing in the coastal fishing grounds of the province of
Huelva, which is where they work.

Very few of the boats of this fleet are older than 40 years, but only seven have
been built is the last 10 years. The average date of construction is 1974, therefore this
may be considered a mature fleet. It can also be observed that the great majority are
boats registered in the maritime province of Huelva (HU) itself, which indicates the
autochthonous nature of the fleet. The rest are Galician in origin, registered in the
maritime provinces of Ferrol (FE), Coruña (CO), Vigo (VI) and Villagarcia (VILL).

The characteristics of the fleet are :
� Average tonnage : 15.88 GT
� Average power : 136.23 HP
� Average crew number : 7.2 members

The total values for the 31 boats are :
� Total tonnage : 492.26 GT
� Total power : 4,223 HP
� Total crew : 223 members.

In practice, the boats of this fleet land their catch most frequently in Punta
Umbria, with the port of Huelva the second most-used. This has been taken into
account when collecting the statistical information for this study.

Following the same method adopted for the Cádiz fleet, a cluster analysis of
boat classification has been carried out, to determine the possible segmentation of the
fleet (Fig. 2).

Fig. 2 : Classification analysis of the fleet of Huelva, in function of main boat 
characteristics.

As can be seen, the squared euclidean distance of most of the boats is less
than 2, with two notable exceptions, the boats Los Rubiños and, particularly, the Josuli.
Therefore it is not considered necessary to divide the fleet into groups : it can be
considered relatively homogeneous. All the boats have tonnages between 6 and 22
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GT, the Josuli exceptional for its 48 GT. Crew numbers range between 4 and 9
members, apart from the Josuli with 17 members on board.

COMPARISON BETWEEN THE FLEETS OF CADIZ AND HUELVA

To compare the two fleets by main boat characteristics, a third cluster analysis
has been performed on the total of 67 boats. For more clarity, on the y axis only the
fleet reference (CA for Cádiz, HU for Huelva) is shown, rather than the names of all the
boats (recognising that there are two boats with identical names, one in each fleet). In
this case, a different technique has been used, enabling the differences between the
boats to be emphasised more. This is the Furthest Neighbour method. The results are
shown as Figure 3.

Fig. 3 : Classification analysis of the two purse seine net fleets studied. (Key : CA 
corresponds to boats of the Cádiz fleet, HU to boats of the Huelva fleet).

From this analysis, it can be confirmed that the segregation made of the two
fleets is correct. Two large clearly differentiated groups appear, with statistically
significant differences. One group is formed by the boats of the Cádiz fleet, with three
exceptions of Huelva boats ; the second group consists mainly of Huelva boats, with
four exceptions from Cádiz. The Huelva boats that fall into the Cádiz grouping are the
Josuli, Los Rubiños and Santiago de Foz. The Cádiz boats falling into the Huelva
grouping are the 4 previously mentioned “barquillas”.

Characteristics of the purse seine net technique 

7

Dendrogram
Furthest Neighbor Method,Squared Euclidean

D
is

ta
n

ce

0

10

20

30

40

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

H
U

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A

C
A



The anchovy and sardine are pelagic species that are distributed in very dense
banks or shoals, widely spread over the sea area. For this reason, the fishing
technique generally used is the purse seine net.

The particular form of this technique employed in this zone is known as the
“cerco de jareta”. The boat using this from of fishing is known here as a “traíña” This
technique was introduced into Spain at the beginning of the 20th century, replacing
other seine net techniques and sardinal methods. In the zone of this study, it was
introduced in the 1930’s and 1940’s.

Essentially, the purse seine consists of multiple panels of net and lines of
weights and floats which ensure that the net is fully extended vertically and maintained
correctly afloat. (Fig. 4). The main body of the net has a diagonal mesh dimension of
2.1 cm. The total length of net is some 500 m and the depth of drop or peralto is some
90 m. These are the maximum dimensions, used by the largest boats of the Cádiz
fleet. The nets used by the Huelva fleet are approximately half this size. 

The upper part of the net is formed by the ridge rope of floats (the relinga de
corchos), consisting of some 10,000 pieces of polyurethane foam, attached to a thick
nylon rope holding the floats at equal spacings. This float line does not directly support
the main body of the net. First there is a panel of reinforcing net (the rapé de corchos)
with a mesh diagonal of 4.5 cm, then below this there is a second reinforcing net panel
(the cadenata de corchos) with a smaller mesh diagonal. The total drop length of these
two reinforcing panels is about 1 m, and then below the second is the main body of the
net.

The bottom of the main body is also reinforced by three different panels.
Attached to the lower edge of the main net is the “paño de venda”, with a drop of more
than 5 m and a mesh diagonal of 3 cm. This in turn is reinforced by another net of
some 2 m drop and mesh diagonal of 8 cm, known as the “cadeneta de plomos”, and
finally, a third narrower strip of net , the “rapé de plomos”, with a drop of 0.5m and
mesh diagonal of 14 cm. Along the lower edge of this third reinforcing net runs the
“relinga de plomos”, a thick nylon foot rope attached to the net, holding a total of about
5,000 lead weights, equally spaced but with heavier weights at the two extremes of the
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Key :
1.- Bow puño net 2.- Stern puño net 3.-  Ridge rope of floats (relinga de corchos)
4.-  Pound (copo or copejéa) 5.-  Body of net 6.-  “Venda” reinforcing net
7.-  “Cadeneta de plomos” net 8.-  Foot rope of weights 9.-  Ring support lines (patarrajes)
10.- Jareta rope (catharpin) 11.-  Rings holding the jareta. 12.-  Headline
13.- Sternline or arriacra.

Fig. 4 : Diagram of the purse seine net with “jareta”



net ; these weigh in total about 1,500 kg and their function is to maintain the whole net
vertically in the water. 

Below the “relinga de plomos” are hung a series of nylon ropes, 2 cm thick,
known as “patarrajes” or “patarrais” , which serve to support the stainless stell rings
through which the “jareta” line is threaded. There are a total of some 40 “patarrajes”
with their rings on the net. The “jareta” itself is a very strong rope of polyurethane or
nylon, some 4 cm thick, 

To be able to handle the net more easily, at the two extreme ends there are
triangular panels of nets known as “puños”, by which the main net is fastened to the
bow and stern of the fishing boat.

FISHING METHOD

The traíña is the typical boat working with this type of net in the Gulf of Cádiz.
As has been stated, anchovy and sardine are small pelagic fish that are concentrated
in large shoals ; as such, they can be detected from a distance with special equipment.
Shoals are detected by means of echo-sounder and sonar. Also the boats are fitted
with technical means of positioning (GPS,  radar, etc.).

The Cádiz fleet mainly carries out its fishing activity at night, and boats are
equipped with sets of powerful lamps that are projected onto the sea, causing the
shoals to concentrate even more densely under the attraction of the light. It has been
observed that the fleet is using increasingly powerful lamps in recent years. The
Huelva fleet, however, does not use artificial light.

Once a sufficiently large concentration of fish has been amassed in this way, a
small auxiliary boat, known as the “cabecero” or header, holds the bow puño of the
net, while the traíña itself, still holding the stern puño, rapidly pays out and extends the
net, sailing in a large circle to surround the shoal and trap the fish in the “purse” thus
formed. While the boat performs this encircling action, and if the fishing is done at
night, a third boat, the “lucero”, may be used ; this is a small boat also equipped with
powerful lamps which keeps the sea brightly illuminated and the shoal tightly
concentrated. Then the boat recovers the bow puño from the cabecero with a thick
rope, thus completing the formation of the purse or encircling net. Lastly, the lower part
of the purse is closed by hauling in the two ends of the jareta rope, effectively making
a large bag from which the fish cannot escape. The net is ready to be hauled on board,
beginning with the bow puño, using a winch powered independently of the main engine
of the boat.

This complete series of operations by the fishing boat is known as performing a
cast or throw (“lance”). On a good day , or night, of fishing, a boat should be able to
make 6 or 7 casts, but the usual figure is 3 or less.

FISHING ZONES

The Huelva fleet fishes the whole year in the inner waters of its coastal fishing
ground, which extends from Ayamonte as far as the provincial boundary with Cádiz, on
occasions coinciding with the fishing zone of the multi-purpose fleet of Sanlúcar. The
boats do not usually venture more than 15 km out to sea, and the maximum depth of
these waters is some 35 to 40 m ; this is approximately the length of drop of the nets
used by this fleet.
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The Cádiz fleet, when it is not fishing in Moroccan grounds, takes its catches
from the Spanish national grounds, at a distance of some 45 to 50 km from the coast
and running parallel to this line, extending from the estuaries of the rivers Tinto and
Odiel in the north, through Matalascañas, Doñana and Chipiona, to the Bay of Cádiz in
the south. The depth of these fishing grounds varies between 80 and 120 m, hence the
typical length of drop of these nets at 90 m (Fig. 5).

Fig. 5 : Map of fishing zones

DISTRIBUTION OF THE SHARES OF THE EARNINGS (“LA PARTE”)

This section deals with the economic and social aspects of the working
population engaged in fishing for anchovy and sardine by this technique, in the area of
this study, the Gulf of Cádiz. The description of socio-economic characteristics is also
related to the two groups used in the analysis so far : the two fleets, of Cádiz and
Huelva. The similarities and differences between the two fleets are considered in this
discussion.

The group of boat owners are known as the “armadores”. Very often, the owner
of the boat is at the same time the captain or skipper, a member of the crew. The
owners usually operate as a limited company and, in that case. The boat is owned by
more than one person, by the shareholders of the company. But acting as an individual
owner, one person is permitted to own up to four boats. Whatever the legal position,
the persons or companies owning this type of boat are always “SME” (small or medium
enterprises).

The crew members as a group consists of all those workers who sail on board
and undertake the work of fishing, including the captain, engineer and the cook. Most
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crew members work under a fixed and permanent contract of employment for a
specific boat or a specific boat-owning company. In the few cases of temporary
employment contracts, when the corresponding period ends, the crew member
changes to another boat, not usually seeking alternative employment. Therefore, these
fishermen constitute a relative closed productive sector.

The total work-force employed in the two fishing fleets studied is 1018 workers,
to which can be added the group of non-working boat owners. This gives a total of
some 1100 persons directly occupied in the extraction of anchovy and sardine in the
Spanish South Atlantic region.

The most characteristic aspect of the labour relations between owners and
crew is the wage agreement. This is the system for distribution of the financial
proceeds of the fishing activity of a particular boat, and is known as “la parte” or
shares.(Fig. 6). This system has its origins in traditions going back to the Middle Ages,
but is nevertheless an accepted and well-regulated system.

Production costs

Share of owner (50%)

Share or Parte Share or Parte Share or Parte Etc.

Remainder MONTE MENOR

Remainder- MONTE MAYOR

Total receipts from fish sales

Fig. 6.  Diagram of the distribution of “la parte”. 

Once the fish catch from a particular day’s fishing trip has been sold, the
amount of money obtained (excluding VAT) is recorded and the costs of production are
deducted from this total ; these costs include the subscription or quota payable to the
“cofradia” and to the wholesale market (the lonja) which represents 2% of total sales,
boxes and ice, fuel, and obligatory social security contributions of the crew members.
This category includes all the costs of the day’s fishing. The sum remaining after these
payments is the “monte mayor”, which is usually then divided into two equal sums or
“montones” i.e. two sums of 50%.

The first “monton” or share goes to the owner, who is responsible for all the
fixed costs, independently of the variable costs of the fishing work undertaken.
Therefore the owner bears the costs of operating and maintaining the boat,
replacement and repair of nets, insurance for the boat, and of course the investment in
a new boat and scrapping of an old boat.

The remaining 50% is known as the “monte menor”, which in turns is divided
into shares for all the persons participating in the fishing work. This sum of money is
exclusively for crew members and provides their only source of income, although some
retributions in kind are usual, known as "provechos" or "jarampa" (except for working
owners). It is evident that it does not represent a fixed wage or salary, but varies
depending on the relative success of the fishing activity and the prices obtained for the
catch. It is an important characteristic of this sector that all the worker-fishermen
participate in the business risk : no fish, no income.

11



The “monte menor” is shared out as follows : each fisherman, and the cook,
receive one part each ; the engineer and specialist fishermen receive one and a half
parts ; and the captain or skipper receives either two or two-and-a-half parts. Each
boat operates to its own particular distribution of parts but the system does not vary
much between boats. And if the owner serves as the captain, then he receives two
sums of money.

THE ASSOCIATIONS OF FISHERMEN AND OF BOAT OWNERS

This section will consider the role of the associations through which the
fishermen and boat owners act collectively, at each home port. It is thus important to
know the home port or place of the crew members, which may differ from that of their
boat. Most of the boats belong to the home ports of either Punta Umbria (Huelva) or
Barbate (Cádiz).(Table 1).

HOME PORT Nº OF BOATS

Punta Umbria 21
Isla Cristina 8

Other in province of Huelva 2
Barbate 30

Other in province of Cádiz 4
Other provinces 2

Total 67

Table 1 :  Nº of boats by Home Port

The boat owners who have their registered business address in the same
locality usually form associations of owners, but currently a new type of collective
representation is becoming recognised, the organisations of producers.

The fishermen and boat captains also associate together in local entities of long
tradition in the Spanish fishing sector ; these are the “cofradias” or brotherhoods,
which have their origins in the old guilds of skilled craftsmen and tradesmen of the
Middle Ages.

Both types of association provide ways by which those employed in fishing can
be better organised to improve their mutual relationships and those with other bodies,
and for dealing more effectively with government at the various levels - regional,
national and European - in respect of improved social and working conditions.

Given the importance of Punta Umbria and Barbate, this study will be centred
on the associations active in these two ports.

1 Punta Umbria.

There is no association of boat owners as such here. Since this is a port whose
boats are of the smaller craft fishing type, the boats are normally captained by their
owners ; as fisherman crew members, these owners thus belong to the “Cofradia” of
Fishermen of Punta Umbria.

This entity has a good organisation and the relationships between members are
good. Competition between boat owners is not very strong, and the interests they have
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in common are more important. It controls the fish auction (the “vendeduría”) and the
wholesale market, the only case in Spain where a cofradia fulfils this function.

The major problem reported here is clandestine week-end fishing by outsiders.
An important current project of this cofradia is the promotion of a new national
association of craft-fishing boat owners practising the smaller-scale purse seine
technique, directed by the Presiding Captain or “Patron Mayor” of Punta Umbria.

2. Barbate.

In Barbate, in contrast, there is complete segregation between owners and
fishermen. The fishermen all belong to a cofradia which in recent years has lost the
control it formerly exercised over the port of Barbate. It controls the fish auction
(“vendeduría”) here and in the port of Cádiz (Trafalgar 96) but the wholesale market
and the ice manufacture are in the hands of the boat owners. The cofradia only has
good relations with the owners of the smaller boats, the “barquillas”.

The fishing boat owners of Barbate belong to the ARPEBAR company. In
addition, most of them belong to the Organisation of Producers OPP-37 (see
ANNEXES) which now manages the market, the ice-making plant and the box factory
that are used by the boats of these owners. They can takes joint initiatives on the
marketing and sale of their products and other decisions, in a communal forum. This is
a relatively new situation which is generating friction between the two groups, owners
and fishermen.

The OPP-37 organisation also has been authorised by the government to
distribute the licences for fishing Moroccan grounds. The licences are usually issued
for three-month periods and are distributed on the basis of the TRB of each boat. In
those months when the boat owner is not licensed for fishing in Moroccan waters, the
boat operates in the Spanish national grounds.

THE WHOLESALE FISH MARKETS

The purse seine fleet lands its catches at specific ports along the coast of the
provinces of Huelva and Cádiz. In these ports there is a network of wholesale markets
or “lonjas” where the fish are sold in bulk and which serve as the bases for its
subsequent distribution. Most of these markets come under the ultimate authority of
the Department of Agriculture and Fisheries of the autonomous Regional Government
of Andalucia. Some markets, however, are situated within ports that form part of the
State Ports System, administered by the national government. Table 2 shows the
locations of the markets that operate in the study area and their status. It should be
noted that the markets of Tarifa, Algeciras and La Atunara, which come under the
Mediterranean fishing region, are also located within the province of Cádiz.

Province of Huelva 

Port Status
Ayamonte Autonomous Regional

Isla Cristina Autonomous Regional
Lepe Autonomous Regional

Huelva State
Punta Umbría  Autonomous Regional 
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Provincia de Cádiz

Port Status
Bonanza (Sanlúcar) Autonomous Regional 

Chipiona Autonomous Regional
Rota Autonomous Regional

El Puerto State
Cádiz State
Conil Autonomous Regional

Barbate Autonomous Regional

Table 2 : Location and status of wholesale fish markets in the study area.

The auction times at each market are pre-determined and in some cases there
are different times and places for selling catches of different types of fishing, such as
purse seine, trawling, etc.

However, the procedure is similar in all cases. When the boat reaches port, the
catch is unloaded and displayed. The captain separates the total quantities into
particular lots for sale. Each lot is formed by specimen of a single species, although
some boxes containing mixed accompanying species caught may also be auctioned.
Purchasers only have the right to inspect the merchandise visually before bidding ;
purchasers are known as exporters and require authorisation from the organisation
controlling the market to be able to bid for fish at these markets.

The sale of fish is conducted by the “falling price” auction system. This begins
with the auctioneer setting a top price to start from, either per kilo or per case or box,
but would not expect to receive bids at this price. Traditionally, he would then call out a
slightly lower price, then again, consecutively, until an exporter indicates a bid at the
last price called. For starting prices above 5000 pesetas, the reduction each call is of
100 pesetas ; for starting prices between 2000 and 5000 pesetas, the reduction is of
50 pesetas ; but this is always at the discretion of the seller. The auctioning is
conducted very rapidly, so the exporter must be quick to indicate his bid or intention to
buy. This traditional method is still in use in Cádiz.

Nowadays, there are electronic systems used to conduct such auctions. The
prices “called” are displayed on a numerical panel and purchasers use remote control
devices to make their bids, thus “freezing” the falling price displayed on the panel when
they make their purchase. This terminates the auction of that particular lot. The
markets of Punta Umbria, Huelva and El Puerto are already operating this system, and
Barbate, where the market is controlled by the OPP-37, was the pioneer port in the
installation of such a system in the whole Gulf of Cádiz.

When a purchaser’s bid has been recognised, he is then permitted physically to
examine the fish and to decide the number of kilos or boxes of the lot required. If the
purchaser does not take the complete lot, the auction is resumed for the remainder,
following the same procedure, until all the fish are sold.

The starting price is set before the auction begins, and may differ considerably
from day to day The factors influencing this starting price and the final price paid by the
purchaser are considered later in this report.
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The following are some of the particular features of the various markets
studied :

Cadiz : This has traditionally been the most important port for landings of fish in
Andalucia (total : 15,541 Tm in 1997). The market is controlled by the Port Authority of
the Bay of Cádiz, which receives 2% of the value of total sales as payment for used of
the facilities (the market quota). The company authorised to conduct the auctions and
generally to supervise sales is Trafalgar 96, SA. (privately owned) which receives
another 2% of the total sales value as commission (fish auction or “vendeduría” quota).

El Puerto : The greater part of sales here are from trawler fishing and this port
has recently displaced Cádiz as the leading port in terms of total sales. This is also
under the jurisdiction of the Port Authority of the Bay of Cádiz, which in turn is
controlled by the State Ports System. It operates in the same way as Cádiz.

Punta Umbria : This port is currently enjoying a growth in trade, dominated by
catches of shellfish. The purse seine fleet based at the ports of Isla Cristina and Lepe
have transferred to this port, since the channels of distribution are better, being closer
to the provincial capital. It belongs to the Public Company of Ports of Andalucia, and
the market is under the control of the cofradia. Under this control, a quota of only 2%
of sales value in total is paid, covering both the landing facilities and the auction.

Huelva : Like Punta Umbria, this port is dominated by other types of fishing. It
belongs to the State Ports System, therefore the fishermen have to pay two quotas of
2% to land and sell their catches here. For this reason, many choose to use Punta
Umbria instead.
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 THE ALGARVE REGION OF PORTUGAL

The fishing and fish transformation sectors of the Algarve region account for
about 3.2% of the Gross Domestic Product of the region, at market prices, according
to the National Institute of Statistics.

The region contributes about 11% of the total output (at market prices) of the
fishing and fish transformation industry of Portugal. The region’s fishing fleet
represents 21% of the total Portuguese fleet .

However, the true importance of this sector to the region is seen more in terms
of employment ; the region employs around 4,000 fishermen who man a fleet of 1500
boats.

The estimates of the total employment generated by activities in the chain of
value of the sector (shipyards, conserving factories, waste treatment, fuel storage,
wholesale and retail sales, etc.) are that about 11,000 jobs are dependent on fishing,
representing 6.5% of the total employment of the region.

From the socio-economic perspective, this activity is of particular importance,
since these jobs are much less mobile than, for example, jobs in the tourism sector. In
general, the population employed directly and indirectly have severe difficulties in
obtaining alternative employment, given that the average age is high and the
educational qualifications held are low.

The fishing activity in the Algarve region can be characterised as being
markedly craft-based, and adapted to the type of resources found locally, i.e. pelagic
fish, crustaceans and molluscs, which nevertheless provide large catches in total. The
more important of the species of the region are sardine (fished by the purse seine
fleet), prawn ( by the trawler fleet) and octopus (by the multi-purpose fleet).

FISHING ZONES

The fishing operations in this region correspond to those associated with the
two Organisations of Producers : Barlapescas and Coopalgarvia.

Despite the claims of many of the boat owners that their fishing zone extends
from Cape St Vincent in the west to Vila-Real in the east (Fig 7), it is known that in
reality, they concentrate their activity in four specific smaller zones, aiming to minimise
the costs of sailing between the grounds and the landing ports. 

The boats that are members of Barlapescas most frequently fish close to the
zone of Olhos de Água (Albufeira), or else the zone of Lagos and even off Cape St
Vincent (the 3 most westerly zones). The boats of Coopalgarvia tend to fish between
Olhão and Fuzeta (the most easterly zone) and only infrequently venture as far as
Olhos de Água.

Nevertheless, if on a particular day there are favourable conditions in a
particular zone, the custom is to inform the rest of the fleet and, if possible, they all
work that zone together. Thus we are not talking about exclusive fishing zones, rather
the preferred zones for each fleet.
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The seine boats known as "traineiras" do not venture beyond six miles from the
coast and never go very far out to sea. The vertical size of the nets varies between 40
and 120 m, a depth which typically is found relatively near the coast.

The smaller boats, known as “rapas”, work within two miles of the coast, in
water depths of up to 30 m.

Fig. 7.- Map the most commonly fished zones by the boats of the two OP’s :

SELECTION OF THE FLEET.

In the Algarve region there are currently 105 boats licensed to fish by the purse
seine technique (used to catch sardine and anchovy). They are local, coastal fishing
boats, but this does not mean that they all use this technique, since the majority also
hold licenses for various other fishing methods. 

Therefore, the fact that a particular boat holds a purse seine fishing licence
does not necessarily indicate that at any specific time it is using that technique or that it
is fishing for sardine and anchovy.

In addition to these 105 boats, there are some very small boats of less than 5m
length and fewer than four crew members which are licensed for purse seine fishing
but are not dedicated to fishing sardine and anchovy due to the relatively low economic
value of these species.

Therefore, from among all the boats with licenses for purse seine fishing, we
shall select the most relevant for this study : those that are recorded as regularly
landing catches of sardine.

Thus our starting point for analysis is a total of 67 purse seine boats, which are
listed in the  Annexes
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The purse seine fleet considered in this study has an average length of 10 m,
an average gross tonnage of 16 TGW and an average engine power of 110 HP.

From interviews with boat owners, we have confirmed that some of these 67
are not exclusively dedicated to sardine fishing, in that they do not work for more than
a total of 60 days per year with purse seine nets. For this reason, and due to the small
size of many of the other boats, our study for the purposes of the bio-economic
modelling is limited to the boats of the two OP’s.

In addition, we have taken into account another two boats making significant 
sardine catches in this region but which come from the north of Portugal (Flôr da Serra 
and Flôr da Beira) ; and one of the boats listed, the Praia da Vitória, has been 
substituted by the Mestre Galhardo.

REGULATORY MEASURES CURRENTLY IN FORCE.

Until 1995, there had been no problems in respect of the stock of sardine in
Portugal, and some sectors even considered it an under-exploited species.

But from 1996 there was evidence of a decline in the biomass and reduced
levels of recruitment.

In 1997 a suspension of sardine fishing or a reduction in the fleet of 40% were
proposed. This alarmist proposal gave rise in consequence to the introduction of
specific measures for the maintenance of stocks.

The Government, acting through the “Direcção Geral de Pescas e Aquicultura”
(DGPA - the General Directorate of Fisheries and Agriculture) initiated an “Action Plan
for the Sardine Fishery” with the aim of controlling and reducing the catches of sardine.
This Plan continues in force at the present time but with subsequent modifications.

This Plan was counted a success for being well-received by all the sectors
concerned, not only by the DGPA but also by IMPIMAR and by Anopcerco ( the
National Association of Organisations of Producers of Seine Fishing. For the year
1997, the principal measures approved for the control of the fishing effort were the
following :

- To reduce the volume of discards (wasted fish)
- Minimum size of 11 cm.
- Not to exceed the volume of sardine landed in 1996.
- Maximum of 206 days of fishing by the boats of this region.
- Obligatory suspension of activity for 48 hours per week.

But in 1998, limits were imposed on the Organisations of Producers, setting as
an objective the reduction of total catch by 10%, in relation to 1997. There are two
such organisations in the Algarve region, one for each sub-region. These are:
Coopalgarvia, for the region of Sotavento, and Barlapescas, for the region of
Barlovento. The tonnage limits imposed on the 1998 catch for each OP were : 

- Barlapescas: 9100 Tm. Coopalgarvia: 6400 Tm.

For 1998, the scientific research conducted by IPIMAR was more favourable,
both in terms of recruitment and biomass. However, a significant alteration to the
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action plan for sardine was introduced : the reduction of the maximum number of days
fishing activity per boat to 180 days per year.

These measures were promptly put into effect by the OP’s and it is hoped that
this policy will be maintained for the current year 2000.

In the case of the boats not associated with the OP’s, the total catches landed
in the first half of 1999 did not indicate an effective reduction of at least 10% in
comparison with 1998, therefore quotas could be set per boat.

With the application of this policy, a technical improvement has been recorded,
mainly with the prohibition of catching sardine of less than 11 cm length.

The catches of anchovy, however, are insignificant and there are no boats
specifically dedicated to catching this species. The nets used actually cause damage
to the anchovy fish, with the result that they are not brought to market in perfect
condition. The anchovy catch is only of commercial interest in that it is usually exported
to Spain. In some years, this species has not even appeared off the Portuguese coast.

SELECTION OF PORTS AND MARKETS.

In the Algarve region there are ten ports located in the following centres of
population:

- Vila-Real de Santo António. - Tavira. - Fuzeta.
- Olhão. - Faro. - Quarteira.
- Albufeira. - Portimão. - Lagos.
- Sagres - -

In addition to these, there are another 24 fishing communities without
conditions of shelter for the boats. Here the boats are grounded on the beach by
means of cranes and pulleys. Only boats of smaller size are used in these
communities and they fish very close inshore. Their catches are landed at the
previously listed 10 ports.

The most relevant ports for this study are Olhão and Portimão, in which most of
the large boats are registered, corresponding to the boats associated with the two
OP’s.

The markets or fish wharves (places of primary sale of the fish) are
monopolised by the company Docapesca, S.A. There are 14 markets in the Algarve,
but most of them the volume of transactions is insignificant. These markets are :

- Arrifana. - Sagres.
- Lagos. - Salema.
- Portimão. - Albufeira.
- Armação de Pêra. - Quarteira.
- Olhão. - Fuzeta.
- Tavira. - Santa Luzia.
- Vila-Real de Santo António. -
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Again the most important are those of Olhão and Portimão, as can be seen in
the following chart, referring to total catches landed in 1997 :

Port Lagos Portimão Olhão Tavira Vila-Real
Sardine (Tm) 606 13,736 6,023 13 676

Sardine (euros)
344,784 5,047,695 2,133,304 5,262 276,409

The legislation establishes that at each fish market there should be three types
of sale : fish caught by craft methods ; catches from purse seines ; and trawler
catches. Also, these different auctions should be held at different times, according to
the type of fishing.

For example, in Portimão, the market is open to receive fish 24 hours a day, but
the sales take place at three different times. The craft catch sale (lota artesanal)
begins at 6.30 am and ends at 11.00 am. each day, when all the fish in this category
landed up to that time is sold. Any such fish landed after 11.00 am is sold later, from
14.00 to 15.00.

The sales of the purse seine catch (lota de cerco) start at 8:00, from Tuesdays
to Saturdays, and finish before 13.00, since all the boats return to port in the morning.

The sale of the trawler catch (lota de arrasto) begins operation after the second
period of sale the craft catch, at 16.00 and lasts until 19.00. All these periods are
flexible and, in addition, boats can sell their catches outside these set times, always
provided that the sales of the preceding period have been completed. 

In the sale of the purse seine catch, a market official known as the “evaluator”
is responsible for recording the weight of fish in the catch landed by each seine boat.
Sardine may be sold in two ways : boxed or in bulk. In the latter case, which is the
more common, the sale transaction can take place even when the catch is still on
board the boat, whether purchased by individual buyers or for the fish conserving
industry ; in this case the sale mechanism is the descending price auction (in steps or
offers of 100 escudos per kilo) for the complete catch as a whole, as the auctioneer
sees fit. If the fish is sold in boxes, an electronic descending price auction is conducted
(in steps or offers of 10 escudos, or of 50 escudos per kilo) with the starting price
asked being set 20% higher than the price reached the day before.

In all cases, a classification is made of the fish landed, by the OP. Barlapescas
classifies the catch in the market of Portimão, and Coopalgarvia in that of Olhão. If no
representative of the OP is present when the catch is landed, the classification is made
by the boat owners themselves. Sardine is classified according to freshness and size :
there are 3 categories for freshness : Extra, A and B. Usually the classification given is
either A or B : Extra is relatively rare.

Generally, differences are found in the characteristics of the sardine catch
between Vila-Real and Albufeira (Sotavento) and between Albufeira and Sagres
(Barlovento). At this latter port, the catches are usually of better quality, and more
appreciated by both consumers and the conserving industry.

THE FISH TRANSFORMATION INDUSTRIES 

20



There are ten companies registered as dedicated to fish transformation or
processing. Of these, eight produce conserved fish, one produces smoked fish and the
other produces fish flours and oils.

The eight conserving companies operate canning factories, mainly but not
exclusively for sardines. These are listed in the following chart :

Name Location
Conalpe – Conservas de Peixe Vila-Real de Santo António
Conserviera do Sul, Lda Olhão
Emp. Conservas João António Pacheco, Lda Olhão
Entente, Limited Olhão
Faropeixe, Lda. Olhão
Marolhão – Conservas de Peixe, Lda. Olhão
Conpeixe, Lda. Portimão
Fumarte, Lda. Portimão
Fumeiro Santa Susana, Lda. Aljezur
Safol – Sociedade Algarvia de Farinhas e Óleos, Lda. Olhão

The employment generated by the sector is fairly seasonal, with more
personnel being contracted in summer. At the times of peak production the total
number employed reaches almost 1000.

Of these companies, only two work with anchovy as well as sardine: one in
Portimão and another in Olhão. Ponpeixe, Lda. of Portimão has ceased its anchovy
activity in 1999, but its canned anchovy production was very small, employing only 19
workers. The Olhão company, Marolhão, Lda., produces very little canned anchovy but
continues producing canned sardine. This is the relative situation even in years when
the anchovy catch is scarce. In other years when some anchovy are caught, most is
exported to Spain for consumption fresh.

But in the case of sardine, the conserving industry is extremely important since
it absorbs the greater part of the catch landed outside the months of summer and thus
is essential for maintaining the purse seine fishery as economically viable.

As can be seen from the preceding chart, Olhão is the most important location
and the conserving industry employs some 780 people. The most important companies
are  Entente (400 employees) and Conalpe (200 employees).

One of the biggest problems faced by the conserving industry is the
heterogeneous nature of catches, mixtures of juveniles and adults. There are also
differences in size of specimens between the catches landed at Barlovento (from Vila-
Real to Albufeira) and at Sotavento (from Albufeira to Sagres).

In some cases, the companies sign contracts with the OP’s to acquire sardine
at a fixed price, an arrangement which offers considerable advantages to both parties.

THE ORGANISATIONS OF PRODUCERS (OP’s)
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In the Algarve region there are two organisations of producers known as
Coopalgarvia and Barlapescas, in which are grouped the principal fleets of of the
Portimão and Olhão zones, respectively. In Barlapescas there are only purse seine
boats, exclusively, whereas in Coopalgarvia there are boats using other techniques,
too, but the majority are of the purse seine type.

These OP’s collectively represent many small companies of the fishery sector,
and consequently carry more weight in decisions concerning the sector and promote
considerable interaction between their member companies.

Although their creation in itself represents a success, the need for a stronger
organisation can be appreciated. A lack of capacity can be seen in the way they are
managed. Their intervention in the market is very limited and they could play a more
active role in controlling the prices of sardine.

Barlapescas is particularly active. From 1997 to 1999, many purse seine boats
which previously had not participated decided to join the organisation. This made the
organisation much more representative and stronger.

The OP’s have tended to be selected as targets for regulatory measures by the
DGPA in recent years, but these measure have not been applied to the whole purse
seine fleet generally.

Through both organisations, the producers of the region have been agreed in
their rejection of any proposal to establish a TAC on the part of the European Union.
They have, however, agreed to be subjected to the Action Plan for Sardine, as a result
of the success it is achieving. The proposals for “biological suspensions” would only be
acceptable provided they were accompanied by sufficient economic compensation for
the fishermen.

The boats selected for this study, which form part of the two OP’s, are:

Barlapescas Coopalgarvia
Mirita Santa do Mar Alecrim

Portugal Primeiro Amuras Ás do Mar
Farilhão Beatriz Paulo Bela Olhão

Portugal Quinto Deus Dá Sorte Cigano do Mar
Portugal Sétimo Milita Estrela do Sul

Arrifana Flôr da Serra Nova S. Da Piedade
Proa ao Mar Flôr de Beira Nova Venturosa
Mário Luis Tentativa Feliz Pérola Algarvia
Aventureiro Mestre Galhardo Pescanova

Virgen te Guie Restauração
Santa Elisa

These 30 boats between them accounted for more than 90% of the total
catches of sardine landed in the ports of Olhão and Portimão

REMUNERATION SYSTEM OF FISHING SECTOR.
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This section describes the methods of distribution of total earnings among the
various crew functions and the owner, for the fishing boats of this region.

The owners of boats are individual persons either singly or with partners each
having a share. Some owners form single-person companies or are members of
capital-holding companies In some cases, owners are shareholders in several fishing
companies. For example, one company is the owner of six boats.

The whole system of remuneration is based on collective labour agreements
established between associations of owners and the trade union. The system has
evolved into a more complex arrangement compared with other traditional systems of
fishery remuneration, such as the simple division of net revenue or “monte mayor” in
equal parts between owner and crew.

The system has evolved with the objective of not omitting any of the costs of
production from the gross revenue or proceeds of sales, before its division among the
crew. In essence, however, the system of remuneration depends basically upon the
catches. At the same time, a system of compensation by benefits, known as the
“caldeirada”, is maintained. This consists of the right of every crew member
additionally to be rewarded “in kind”, receiving 5 kg of fish for every day of fishing.

As in the case of Spain, we include a diagram of the remuneration system (Fig
8).

Fig. 8 : Diagram of the remineration system.

As can be seen, from the proceeds of the sale of the catch, without VAT,
certain costs are deducted, as percentages of the sales value.

According to the two OP’s, the percentages of earnings for each ”parte” or
share are as follows :

Remuneration system for the crew of 
boats members of the Barlapescas OP.

Variable charges:

Crew responsibility     :  

Remuneration system for the crew of  boats 
members of the Coopalgarvia OP.

Variable charges:

Cerw responsibility     :  

Cost deductible

OWNER

CAPTAIN/MASTER ENGINEER NET MENDER FISHERMAN ...

CREW

Monte Mayor

GROSS REVENUE
(fron sales of fish)
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Master – 6,2%
2nd Master – 3,9%
Engineer – 3%
Assistant Engineer – 2,5%
In charge of Running – 3%
Land master – 3%
Net mender – 2,7%
Mechanic – 2,9%
Helmsman – 2,7%
Fisherman – 2,5%

Fixed charges:

Engineer – 22 500$
Assistant Engineer – 22 000$ 
Christmas bonus : 374 Euros
Holiday pay : 80% of national minimum
salary, (currently 63 800$00.per month)
Fishing incentive : 5 Euros daily for each
crew member, provided the value of the
catch is more than 80 Euros.
If the crew have to do repair work in port,
they will be paid for each day ( ?) 7.15% of
the national minimum monthly salary
applicable in the industry. In the case of net
repair work, the crew member will be paid
each day 5.36% of the national minimum
monthly salary applicable in the industry. 

Master – 6%
“nd Master – 3,7%
In charge of Running – 2,7%
Land master – 2,8%
Net mender – 2,5%
Mechanic – 2,6%
Helmsman– 2,2%
Fisherman(5) – 2,2%
Chief Engineer – 2,6%
Assistant Engineer – 2,2 %

Fixed charges:

Chief Engineer – 26 000$
Assistant Engineer – 22 000$
Christmas bonus : Average monthly remuneration
(but never less than 65 000$00 nor more than 85
000$00.)
Holiday pay : 50% of the national minimum monthly
salary (currently 63 800$00.)
Fishing incentive : 2.5 Euros daily for each crew
members, provided the value of the catch is more
than 62 Euros.
If the crew have to do repair work in port, they will be
paid for each day ( ?) 7.15% of the national minimum
monthly salary applicable in the industry. In the case
of net repair work, the crew member will be paid
each day 5.36% of the national minimum monthly
salary applicable in the industry
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CATCHES, FISHING EFFORT AND PRICES 
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SPAIN 

CATCHES.

Since 1997, the Department of Agriculture and Fisheries of the Regional
Government of Andalucía has been revising the reports of catches landed and the
fishing declarations for all the ports of Andalucia. To date, only the reports for the
period 1985 to 1994 have been fully checked ; work is still continuing on the data for
1995 and 1996, in which there are many irregularities and gaps. 

The corresponding data for 1997 onwards have been handled directly by the
Department itself. In the case of the ports under state control and management, it is
the Port Authority which is responsible for transferring the data. In the ports which the
Regional Government controls there is a special team of people who compile these
data. As a result, since this report must be based on official and reliable data only, the
values corresponding to 1995 and 1996 have been omitted from the present study.

Historical evolution

For an initial approach, the evolution of the total catches of sardine and
anchovy for the Spanish South Atlantic Region is analyzed (Fig.1).
The statistics of the Regional Government of Andalucía have been used for this, taking
into account only those years for which the data is reliable (1985-1994 and 1997-
1998).

Fig 1.- Total catches of anchovy and sardine in the South Atlantic Region.

For the years 1985 to 1994, a certain stability in the annual catches of anchovy
and sardine can be appreciated, although with a slight tendency towards a decrease.
In the last two years, however, an extremely sharp increase is seen in the catches of
anchovy, to more than 20,000 Tm, compared with totals ranging from approximately
3,000 to 10,000 Tm p.a. in the earlier years ; in the case of sardines, there is a slight
increase over the levels recorded for 1992-1994. In this analysis, it must be borne in
mind that the catches landed at the port of Barbate are mostly from the Moroccan
fishing grounds, and therefore should not be taken into account when future
considerations are made in this study.
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When the figures for Barbate are removed from the totals, the recent variations
appear less sharp (Fig. 2), with the interannual differences not indicating such a clear
tendency towards a long term decrease or a recent recovery of the fishing grounds.

Fig 2. Total catches of anchovy and sardine in area IXa only.

VARIATION OF THE ANNUAL CATCHES BY PORT. SELECTION OF PORTS

For the analysis of the catches and of the biological parameters of the two
species, a selection was made of the home ports, on the basis of the catch data for
recent years in all of these ports. Table 1 gives the annual catches (in Kg) of anchovy,
landed at each port, over the period 1985 to 1998. Table 2 gives the same data for
sardine catches.

IslaCristina Huelva Punta 

Umbría

Bonanza Cádiz El Puerto Barbate

1985 56091 297720 17660 228932 2586950 5367005 597240
1986 89700 234100 140200 3678500 364300 2798900
1987 204362 301920 118699 249895 3428375 338835 3019432
1988 187340 277900 100061 174840 2950253 334670 2665294
1989 83212 328700 209303 298566 2842580 257705 1830638
1990 195107 604120 295266 326870 2535370 430206 1481381
1991 180368 525520 206413 269088 3892300 551716 3252022
1992 102920 551720 258721 159474 2200120 508098
1993 283475 620340 103402 274156 837835 56650 375671
1994 145575 500840 284734 249150 1788203 311800 1429115
1997 187329 934340 378392 264218 2279056 1286450 6626851
1998 108497 497667 969895 5812337 858897 12168904

Table 1. Annual catches of anchovy (in Kg.) by port from 1985 to 1998.

Ayamonte IslaCristina Huelva Punta 

Umbría

Cádiz El Puerto Barbate

1985 1492320 507571 1336170 1114450 1454460 2148697
1986 2069700 551100 951100 2505100 298800 3822800
1987 1846656 3516165 864200 2357575 295050 3021656
1988 137970 3588822 903420 1556490 166775 1004390
1989 2915164 757180 1906920 120960 1224021
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1990 3617088 882320 3406706 188865 2692478
1991 3021661 950060 1665613 240775 3113001
1992 1678427 1211980 132352 1407875 31770 2483703
1993 2220242 1357060 66432 1437725 75190 2189301
1994 86492 861140 1221550 210050 3390288
1995
1996
1997 203151 1177860 702726 3378989 252890 2865992
1998 101881 1558732 2014557 60710 3966885

Table 2. Annual catches of anchovy (in Kg.) by port from 1985 to 1998. 

As can be observed, the ports of Isla Cristina and Ayamonte have lost much of
their importance as landing ports for both species in recent years. In the case of the
anchovy, the total volume of catches is dominated by landings at Cádiz and Barbate,
the importance of the other ports being relatively low and , for the ports of the province
of Huelva, virtually negligible. In contrast, Punta Umbria also in the province of Huelva,
has now emerged has a very important landing port for sardine ; this port together with
that of the provincial capital, Huelva, represent a very significant proportion (over 20%)
of the total sardine catch in the area of this study. Although the port of Barbate
continues to be the most important for both species, this must be discounted since the
greater part of the catches landed here originate in the Moroccan zone. I.e. outside the
area covered by this study. The same boats fish in both the Spanish national and
Moroccan zones but when fish are caught in the zone we are concerned with, it is
more convenient for these boats to land their catches in the port of Cádiz. 

Given this situation, the choice of home ports to be studied in respect of the
activities of their boats, is considerably reduced. In the province of Huelva, Punta
Umbria has been taken for our study, and in the province of Cádiz, the port of the
capital has been selected. According to the boat owners themselves, and as can be
confirmed from the fishing reports they submit, in the case of both home ports, Punta
Umbria and Cádiz, the boats often use an auxiliary port for landing some of their
catches. In the case of Cádiz, the same boats may alternate their landings between
Cádiz and the fish dock of El Puerto. Similarly, boats based at Punta Umbria also land
catches at the port of the capital Huelva. Therefore, special care has been taken in
studying landings of anchovies and sardines at both these ports, to avoid mistakes. To
summarize, the ports chosen for this study are : Cádiz, El Puerto, Punta Umbría and
Huelva. The catches landed at Barbate are also taken into account since, although the
fish originate from different grounds, the prices of these catches have a notable
influence on those prevailing in the nearby port of Cádiz, as will be seen in
continuation. Practically the total of catches made by the boats registered as having
Punta Umbria and Cádiz as their home ports, are landed at these four ports.
MONTHLY  EVOLUTION OF CATCHES 

A second proposed analysis was to study the monthly variations in catches of
these two species landed at all the ports listed in Tables 1 and 2, over the course of
the average year. Since there is no period of temporary restraint of fishing for
biological reasons in force in the zone of this study, catches are landed every month of
the year. We have therefore used the historical series of monthly data on catches
available for the 12 years covered. The mean totals of catches landed in each calendar
month are presented in Table 3.

Month Anchovy catch landed (Tm) Sardine catch landed (Tm)

Jan 114,538 331,545
Feb 259,269 415,183
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Mar 766,863 430,160
April 864,720 349,630
May 842,269 407,448
June 872,901 426,283
July 630,913 719,783
Aug 662,422 1053,441
Sept 740,012 1067,764
Oct 415,549 1192,173
Nov 295,231 949,871
Dec 164,985 565,995

Table 3 : Mean total catches of anchovy and sardine per calendar month, at all ports, 
1985-1998 (excl. 1996, 1997).

Anchovy are caught mainly in the months of spring and early summer, while 
sardine are caught mainly in late summer and autumn. Catches of both species are 
low in winter.
Monthly landings for the period 1998-1999.

Having selected the boats and the landing ports, the monthly landings recorded
for these boats over the full time period covered by the present project (24 months)
have been monitored. The data obtained from the catch landing reports (for the ports
of Cádiz and El Puerto) and from the fishing reports (for the ports of Punta Umbria and
Huelva) are shown in the ANNEXES.

At Cádiz, the mean annual catch of anchovy per boat is 193,882 Kg in 1998,
falling to 127,684 Kg in 1999. This compares with an annual catch of anchovy per boat
of 13,961 Kg at Punta Umbria in 1998, but in 1999 the catch per boat is not
comparable since only data for half the year are available .

30

Mean catches per month (1985-1998)

0

200

400

600

800

1000

1200

1400

Jan Feb Mar Apr May Jun Jul Aug Set Oct Nov Dic

Month

C
at

ch
es

 (
T

m
)

Anchovy Sardine

Fig 3. Monthly evolution of catches of anchovy and sardine at all ports (mean values for 
12 years, 1985-98)



In the case of sardine, the mean catch per boat at Cádiz is 61,037 Kg in 1998,
almost doubling to 111,096 Kg in 1999. At Huelva, the mean catch per boat in 1998 is
51,551 Kg. (1999 not available).

DATA ON FISHING EFFORT.

To determine the input of fishing effort expended in the achievement of the
catches obtained, it was decided to use the fishing day as the most reliable and real
unit of measurement. This variable has previously been used in other studies of similar
fisheries. The data on fishing effort expended expressed in days of fishing per boat
and month are given in the ANNEXES.

Note : In the case of Cádiz, the data on landings made at Barbate are not taken
into account, as the catches mostly originate in Moroccan waters. The months in which
only one fishing day is recorded indicate a “change of shift”, a month when the last or
first day corresponds to the starting or finishing date of the licence to fish in Moroccan
waters.

The mean effort (Nº of days) of the fleets based at Cadiz and Punta
Umbria/Huelva in the years 1998 and 1999 are shown in Figure 4.

PRICES.

As in the case of the catches, the prices received by the boat owners for the
two species at all the ports of the South Atlantic zone have been monitored. In this
case, it is necessary to know the prices ruling at all the fish markets, since purchasers
may buy fish originating from either of the two fishing grounds (Spanish or Moroccan)
indiscriminately and landed at whichever port they wish. Therefore, in the formation of
the price, it is necessary to take into account all the landings.

In the presentation and comparison of prices, adjustments must be made to
take account of inflation, i.e. the annual increases in the index of consumer prices
(ICP) To present the price data in constant terms the figures for the years covered
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have been deflated by the ICP of the food sector in the Region of Andalucia, taking
price levels ruling in January 1998 as the base of 100 (Table 4).

Year IPC Year I.C.P.
1985 55.484 1992 84.940
1986 60.817 1993 88.438
1987 64.009 1994 92.643
1988 66.821 1995 96.671
1989 70.944 1996 98.938
1990 75.951 1997 98.997
1991 80.308 1998 100

Table 4. Consumer Price Index conversion table.

Table 5 gives the annual totals of landings in Kg and the corresponding total 
amounts received from the sales of these catches, for anchovies and sardines, at all 

the ports

ANCHOVY SARDINE
Year Total catch (Kg) Total value of 

sales (pesetas)
Total catch 

(Kg)
Total value of 

sales (pesetas)

1985 9154333 2190316000 8089064 365053000
1986 7071600 2055400000 9280500 513300000
1987 7661518 2738870000 11946438 628697000
1988 6412458 2385286170 6508642 261211000
1989 5850704 2137873000 6942877 318382000
1990 5868395 2280118000 10831654 666436000
1991 8877427 3029367000 9018923 639253000
1992 3854883 1382152000 6946996 479293000
1993 2369415 863196000 6945946 490767000
1994 4438021 1625271000 5783426 507995000
1995
1996
1997 10735011 3432025249 8581608 953253829
1998 20462928 4416143504 7749717 1130903085

Table 5. Total annual landings by weight and total value of sales recorded for catches 
of anchovy and sardine, at all the ports.

The data for 1995 and 1996 have not been compiled by the Regional
Government of Andalucia. Taking into account the coefficients of deflation to present
values in constant terms, the evolution of mean annual prices of the two species in the
fish markets of the South Atlantic region is given in Table 6 and Figure 5.

Year
Anchovy

(Ptas./kg.)

Anchovy

(Euros/kg.)

Sardine

(Ptas./kg.)

Sardine

(Euros/kg.)
1985 431.233 2.59176 81.337 0.48885
1986 477,918 2,87235 90,944 0,54659
1987 558,490 3,35659 82,217 0,49413
1988 556,677 3,34569 60,060 0,36097
1989 515,060 3,09557 64,639 0,38849
1990 511,569 3,07459 81,008 0,48687
1991 424,919 2,55381 88,259 0,53045
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1992 422,117 2,53697 81,225 0,48817

1993 411,936 2,47578 79,892 0,48016
1994 395,297 2,37578 94,812 0,56983
1995
1996
1997 322,943 1,94093 112,206 0,67437
1998 215,812 1,29706 145,928 0,87705

Table 6 . Evolution of the mean annual prices of the two species in the fish markets of 
the South Atlantic region

Some of the inter-annual price variations recorded are very sharp, particularly
for anchovy, with a general decrease seen since 1991 and a sharp drop in 1998 (-
33%). Sardine prices have been more stable over the full period, but with a significant
increase recorded in 1998 (+30%). In this year for the first time, the mean annual
prices in constant terms for the two species are close to converging. There is a large
price difference between the two species observed over the longer term, but, as can
be seen from the details of the landing reports, at certain times sardine have
commanded a higher price than anchovy. 

PORTUGAL
CATCHES

Historical evolution.
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In respect of the data on annual catches, these are taken from the
Datapescas data base, published by the DGPA of Portugal. The evolution of the
catches of the two species under study over the period from 1990 are presented here.
Table 7 gives the annual catches (in mt) of sardine landed at each port, by the purse
seine fleet of the Algarve region, over the period 1990 to 1998. Table 8 gives the same
data for anchovy catches.

Sardine (mt).

Year Lagos Portimão Olhão Tavira Vila-Real
1990 595.2 9,039.0 5,704.9 22.6 254.5
1991 683.8 8,264.5 6,490.2 28.9 976.5
1992 772.4 7,580.6 3,207.4 4.6 102.7
1993 752.4 8,552.6 3,791.8 8.4 55.4
1994 642.6 9,904.3 4,304.0 11.0 80.7
1995 642.6 11,823.2 6,541.7 14.8 81.6
1996 753.8 12,841.6 6,188.1 21.4 950.8
1997 606.0 13,736.0 6,022.9 13.0 676.1
1998 683.6 11,509.2 7,589.2 15.4 940.6

Table 7.- . Annual catches of sardine (in mt) by port from 1990 to 1998

Anchovy (mt).

Year Lagos Portimão Olhão Tavira Vila-Real
1990 0.4 10.2 87.5 1.3
1991 0.4 2.1 19.0 0.4
1992 1.4
1993 0.2
1994 0.3 0.1
1995 0.1
1996 3.6 47.5 0.1
1997
1998 2.7 365.5 193.7 47.7

Table 8. . Annual catches of sardine (in mt) by port from 1990 to 1998

It can be seen from the data that Portimão and Olhão are the two most
important ports in this region, with Lagos and Vila-Real as secondary landing ports.
Landings at Tavira are of only very minor volumes each year. It can also be seen that
anchovy are either very scarce or not present in the region. Only in 1998 was any
significant quantity of anchovy landed, again at Portimão and Olhão.

The annual evolution of the sardine catches has undergone continuous
fluctuations. However, currently the levels appear to have stabilized, as a result of the
agreements reached with the Government and of the Action Plan for Sardine.
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The figure 7 shows the evolution of the total sardine catch for the region :

Fig 7.- Evolution of the total sardine catch for the region

In 1992 a period of scarce catches occurred, but despite this, the total catch
has always been above 10,000 mt per year. The ports of the Algarve region have
shown the most positive results of all Portuguese ports. In 1999, a reduction of 26%
compared with the previous year was recorded, taking the total below 20,000 mt, again
as a result of compliance with the Action Plan for sardine.

Landings in the period 1997-1999.

As already mentioned, the catches of sardine by purse seine are principally
made by boats belonging to the Coopalgarvia and Barlapescas Production
Organisations. The data obtained are shown in the ANNEXES.

FISHING EFFORT

As in the case of Spain, the data on the number of days of fishing undertaken
by the purse seine fleets of these two organisations each month for the 3 years are
given in the ANNEXES.

PRICES
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The evolution of prices of sardine in the region are influenced mainly by the
purchases of the fish preserving industry. These purchases set the prices during the
October-May period. The preserving companies thus control the value of the sardine in
these 8 months, acting as an “oligopsony”, i.e. a small group of powerful purchasers
who dominate a market.

The largest company of this type, Entente, Lda., has sufficient capacity or
purchasing power to influence prices on its own. But when there are contracts agreed
between the preserving companies and the production organisations, the price is
stabilised. In addition, Entente possesses 6 boats of its own dedicated to sardine
fishing, thus achieving a high degree of vertical integration to control the chain of price
formation. In years when the volume fish requirements of the company are less, it
does not need to make purchases in the open market, the catches of its 6 boats being
sufficient for its needs.

Another factor influencing the price of sardine is the highly seasonal nature of
demand for fresh consumption, particularly in the summer, from June to September. In
the summer, prices can increase to 3 times the level in winter months, due largely to
the heavy demand from tourism activity in Portugal.

Use will be made of a series of average prices based on the daily landings at
the ports of the region, for the period 1987 to 1999

In order to calculate the effect of inflation, wee shall use the Government-
prepared Consumer Price Index relevant for continental Portugal, which is the best for
our purposes of the various indices issued by the Ministry of the Economy. The year
1999 is taken as the base. Table 9 gives the price series used :

Even after adjusting for inflation, through the ICP, the price series for sardine
catches shows a continuous increase. It can be seen that in terms of both constant
escudos and euros, the price of sardine has doubled between 1987 and 1999, in spite
of a two year period of falling prices in 1992-93.This price trend can be appreciated
clearly in the figure 8 :

The sharp increase in 1991 coincided with a period of reduced catches. From
1995 there has been a steady increase, with the most recent year showing the
sharpest increase. As a result of this sustained price increase, sardine fishing has
become a more attractive economic proposition, stimulating more interest in this form
of fishing and the re-conversion of boats from multi-purpose fishing to the exclusive
use of the purse seine technique.

Year Consumer 
Price Index
(1999=100)

Current price
(Esc/kg)

Constant price
(Esc./kg)

Current price
(Euros/kg)

Constant price
(Euros/kg)

1987 44,726 29,386 65,703 0,147 0,328

1988 49,015 36,531 74,529 0,182 0,372

1989 55,274 45,509 82,333 0,227 0,411

1990 62,799 51,049 81,290 0,255 0,405

1991 70,323 78,583 111,745 0,392 0,557

1992 76,934 55,806 72,537 0,278 0,362

1993 82,068 44,434 54,144 0,222 0,270

1994 86,498 57,769 66,787 0,288 0,333
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1995 90,155 55,057 61,070 0,275 0,305

1996 92,968 68,655 73,848 0,342 0,368

1997 95,148 70,901 74,517 0,354 0,372

1998 97,750 90,792 92,882 0,453 0,463

1999 100,000 135,403 135,403 0,675 0,675

Table 9.- The price series

Fig 8. Evolution of the annual prices.
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STUDY OF THE BIOLOGY OF S. pilchardus and 

E. encrasicholus IN THE GULF OF CADIZ
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MATERIAL AND METHODS

The study of S. pilchardus has been based on work with samples from catches
of this species landed at three different ports of the Gulf of Cádiz : one, the port of
Cádiz, in Spain, and two, Olhau and Portimao, in Portugal.
 

In order to conduct the study, one whole case of the species was selected at
random during the catch sale procedure at the quayside market ; from this case, a
sub-sample of specimens to be analyzed was subsequently selected.

For each specimen, the total (TL) and standard (SL) lengths were measured
using an ichthyometer with an accuracy of 1mm. Measurements of total (TW) and
eviscerated (EW) weights were made with a scale of 0.01 g. accuracy. The gonads
were examined, the sex was determined and after weighing, the specimens were
preserved in Gilson liquid. To determine the feeding activity, the digestive tract was
weighed first full and then empty using a scale of 0.0001 g accuracy ; the difference
thus gave the weight of the gastrointestinal contents.

For the determination of the age by means of the examination of the otoliths,
these latter were extracted from the specimens of the sub-sample. The procedure
recommended by the Working Group for the Standardization of Sardine Age
Determination (CECAF, 1978) was followed for the direct reading of the otoliths:

1. The calcified nucleus was counted as one year.
2. Each calcified opaque band or ring surrounding the nucleus was counted as
one year.
3. The narrower bands outside these opaque bands were considered as

pseudo-rings and were not counted.
The 1st of January was adopted as the arbitrary date of birth.

For each of the specimens of the sub-sample, the following were determined :

• The Index of Condition: K = TW/ TL3 * 105

• The Vicerosomatic Index :    VSI = EW/ TL3 * 105

• The Repletion Index of Hureau : RI= (Weight of gastrointestinal contests/TW)
* 100

• Gonadosomatic Index: GSI = (Gonad weight /TW) * 100

In addition, the TL-TW relationship was determined, corresponding to the
expression: TW = a TL b , calculating the parameters by means of linearization, after
prior logarithmic transformation. The TL-EW relationship was also determined, using :
EW = a' TL b' . These relationships were calculated for the total number of specimens

samples, by sex and by each month of the study period.

The growth model used was that proposed by von Bertalanffy, according to
which the length of a fish at a time t is given by the equation :

Lt = L∞ * (1 - e-K*(t-t0))
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where:
• L∞∞∞∞ is the asymptotic or maximum length, 
• K is the growth constant 
• t0 is the moment corresponding to zero length or the interval of time elapsed 

from the birth until the appearance of structures susceptible to being 
measured.

The calculation of these parameters is made using the method proposed by  Ford 
(1933) and Walford (1946), in which  L t+1 and  L t are related according to the expression:

    Lt+1 = L∞ * (1 - e -k)  +  e -k  *  Lt

which represents a regression line of the type :

Lt+1  = a + b  Lt

where: b = e-k,  
the intercept a =  L∞ * (1 - e-k). 

This line is fitted to the pairs of values  Lt and Lt+1  by means of a linear regression. 
The values of k and L∞ are calculated from this regression:

k =  -ln b
L∞ = a / (1 - e -k)

To make a statistical comparison of growth possible, Gallucci & Quinn (1979) 
suggest using a new parameter, ω, which is represented by the expression:

 ω = k * L∞

where ωωωω  is the range of growth close to t0, this being a stable parameter, closer 
to the normal distribution than  k and L∞  separately. 

Munro & Pauli (1983) propose the utilization of the index of overall yield, ϕ', the 
mathematical expression of which is:

ϕ' = log k + 2 log L∞

which has similar values among related taxa, and presents a narrow normal distribution.

The statistical treatment of the data obtained was carried out with the
Statgraphics Plus statistical program.
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RESULTS OF BIOLOGICAL STUDIES

Sardina pilchardus

A total of 3553 specimens have been analyzed to determine the biological
parameters of S. pilchardus. Of these, 2000 were landed at Cádiz, 731 at Olhao and
822 at Portimao. The relationship between TL and SL is a linear regression (Fig 1)
given by the model: 

SL = -2.8856 + 0.866986 TL

r = 0.97857, n= 3552, p < 0.05

Plot of Fitted Model
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Fig 1. Linear regression between SL and TL for S. pilchardus from the Gulf of Cádiz

There are significant differences (Table 1) between the regression lines
representing this relationship at the three sampling points. Values of p< 0.05 indicate
that both the slope of the regression lines and the intercept present significant
differences at a confidence level of 99%.

The following expressions give the model of this relationship found for each of 
the ports studied :

Cádiz : LS = -0.0548906 + 0.846382 LT 
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Olhao : LS = 6.5549894 + 0.8222234 LT 
Portimao : LS = 7.4347894 + 0.8138982 LT 

Table 1. Results of the comparison of the linear regression between SL and TL for the 
three ports studied.

Specimen length

The total length of the fish (TL) expressed in mm. has been used generally in 
the determination of the growth of this species.

The mean values and standard deviations of the Total Length (TL) determined 
for the total number of specimens of this species sampled are shown in Table 2.

Average 176.797 mm.
Standard deviation 15.5139 mm.

Number of complete cases: 3553
Number of regression lines: 3

Multiple Regression Analysis
--------------------------------------------------- -----------------------------
                                          Standard          T
Parameter                  Estimate         Error       Statistic        P-Value
--------------------------------------------------- -----------------------------
CONSTANT                 -0,0548906       0,949842     -0,0577892         0,9539
LT                         0,846382     0,00557283        151,877         0,0000
SITE=2                      6,60988        1,91916        3,44415         0,0006
SITE=3                      7,48968        1,47035        5,09379         0,0000
LT*SITE=2                -0,0241586      0,0102162       -2,36474         0,0180
LT*SITE=3                -0,0324838     0,00847035         -3,835         0,0001
--------------------------------------------------- -----------------------------

                           Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Model                    645504,0      5     129101 ,0   17922,97       0,0000
Residual                  25549,4   3547      7,203 09
--------------------------------------------------- --------------------------
Total (Corr.)            671053,0   3552

R-Squared = 96,1926 percent
R-Squared (adjusted for d.f.) = 96,1873 percent
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Minimum 133.0 mm.
Maximum 228.0 mm

Table 2: Mean TL, standard deviation and maximum and minimum values of the 
sample analyzed of S. pilchardus

The frequency distribution of the sizes (TL) of the total sample analysed is 
shown in Figure 2.

Figure 2. Histogram of TL for the total catch of S. pilchardus

The mean sizes per month and their dispersion values, for the specimens sampled at 
each of the landing ports, are shown in Table 3.

The monthly evolution of the mean TL at each of the ports sampled is illustrated in 
Figure 3.
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Cádiz:

Month Count Mean Std. Error Lower Limit Upper Limit
December 250 167.152 0.612514 165,951 168,353
April 250 177.26 0.612514 171,059 173,461
May 250 165.016 0.612514 163,815 166,217
June 250 162.856 0.612514 167,655 170,057
July 250 165.076 0.612514 163,875 166,277
August 250 174.544 0.612514 173,343 175,745
September 250 162.252 0.612514 167,051 169,453
October 250 179.652 0.612514 178,451 180,853
Total 2000 170.101 0.612514

Olhao :

Month Count Mean Std. Error Lower Limit Upper Limit
December 72 179,778 1,33741 177,156 182,399
January 100 164.83 1,13483 162,606 167,054
February 80 159,875 1,26878 157,388 162,362
March 80 165,813 1,26878 163,326 168,299
April 90 188,8 1,19621 186,455 191,145
May 58 173,586 1,4901 170,666 176,507
June 71 180,662 1,34679 178,022 183,302
July 60 170,0 1,46506 167,129 172,871
August 72 182,042 1,33741 179,42 184,663
September 48 196,687 1,63798 193,477 199,898
October
Total 731 176.207

Portimao :

Month Count Mean Std. Error Lower Limit Upper Limit
December 100 197.17 0.944467 195.319 199.021
January 94 199.191 0.974143 197.282 201.101
February 100 183.62 0,944467 181.769 185.471
March 80 201.137 1.05595 199.068 203.207
April 59 193.746 1.22959 191.336 196.156
May 77 190.169 1.07632 188.112 192.278
June 67 188.373 1.15385 198.752 190.635
July 91 200.692 0.99007 191.618 202.633
August 80 193.688 1.05595 193.726 195.757
September 74 195.878 1.09792 195.319 198.03
October
Total 822 194.366

Table 3: Nº of specimens sampled, mean TL, standard error, and maximum and 
minimum values found, per month, at each of the landing ports studied.
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Figure 3. Monthly evolution of mean sizes of the S. pilchardus catches landed at each 
of the ports studied.

There are significant differences (ANOVA, p < 0.05) between the sizes of
specimens caught at the three ports studied, as shown in Table 4:

Table 4:  Analysis of the variance of the relationship of TL, in function of the landing 
port.

The catches of sardine landed at Portimao are those showing the greatest TL
(194.45 mm) , while those landed at Cádiz show the smallest TL (170.10 mm), with
those at Olhao showing an intermediate TL (175.26 mm). There are significant
differences between the three groups (Table 5) :

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups           347697,0      2     173849 ,0    1216,79       0,0000
Within groups            507207,0   3550      142,8 75
--------------------------------------------------- --------------------------
Total (Corr.)            854904,0   3552
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Table 5. Differences in the sizes of sardines landed at the three ports studied.

Specimen weight:

The mean, maximum and minimum values and standard deviation of the TW
of the sample studied are given in table 6

Average 47.9512 gr
Standard deviation 13.0265 gr.
Minimum 15.38 gr Cádiz
Maximum 112.1 gr Portimao

Table 6.- Total Weight of specimens of S. pilchardus analyzed : mean, standard 
deviation, maximum and minimum values.

Significant differences are found in the total weight of specimens in function of
landing port. The pattern is similar to that found for TL : the catches landed at
Portimao show the greatest TW, and those landed at Cádiz the smallest (Tables 7 and
8).

Table 7:  Analysis of the variance of the relationship of  TW, in function of the landing 
port.

Multiple Range Tests for LT by SITE

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SITE           Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
1              2000      170,101           X  
3              731       175,263            X 
2              822       194,455             X
--------------------------------------------------- -----------------------------
Contrast                                   Differen ce           +/-  Limits
--------------------------------------------------- -----------------------------
1 - 2                                     *-24,354              0,970633          
1 - 3                                     *-5,16165              1,01255           
2 - 3                                     *19,1923              1,19102           
--------------------------------------------------- -----------------------------

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups           204427,0      2     102214 ,0     910,61       0,0000
Within groups            398816,0   3553      112,2 48
--------------------------------------------------- --------------------------
Total (Corr.)            603244,0   3555
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Table 8. Differences in the total weight of specimens landed at the three ports studied.

Figure 4 shows the monthly evolution of the TW at the three ports studied. It
can be seen that the mean weight tends to be lower in the winter months and then
recovers during the remaining months, when it shows relatively small monthly
variations.

Figure 4. Monthly evolution of the mean total weight (TW) of specimens of S. 
pilchardus sampled from the catches landed at each of the three ports studied.

The proportions of specimens, by sex

The proportion of sexes, ie. the number of males in relation to the number of
females, for the overall total of catches sampled is 0.94 (1633 males / 1732 females).
This is relatively close to parity.

However, differences are found in the sex ratio in function of landing port (Fig
5).

In Cádiz, males are slightly predominant, with a ratio of 1.3 
(1057 males / 808 females),

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SITE           Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
1              2000      43,2631           X  
3              731       45,293             X 
2              825       61,6716             X
--------------------------------------------------- -----------------------------
Contrast                                   Differen ce           +/-  Limits
--------------------------------------------------- -----------------------------
1 - 2                                     *-18,4085              0,859221          
1 - 3                                     *-2,02987              0,89748           
2 - 3                                     *16,3786              1,05477           
--------------------------------------------------- -----------------------------
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In Olhao, there is almost parity between the sexes, with a ratio of 0.98
(342 males / 349 females)
In Portimao, the females are clearly predominant, with a ratio of 0.41
(234 males / 575 females).

There is no seasonal pattern of variation in the proportions of the sexes.
However, the presence of specimens of indeterminate sex in the catches is not
constant throughout the year, these only being found from March to August (Figure 6).

Variations in size, in function of sex.
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Figure 5. Sex ratios of S. pilchardus specimens at each of the ports studied
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Fig. 6. Monthly variation of the sex ratio of S. pilchardus in the overall total catch sampled.

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

dec jan feb mar april may jun jul aug sept oct
MALES FEMALES INDT.



The smallest size of male specimen found in the sample was caught in
January, at Olhao ; this presented a TL = 133 mm. The largest size male, of TL= 224
mm, was caught in Portimao in March. The mean TL of all males sampled is 173.5
mm.

In the case of females, the smallest size specimen, presenting a TL= 135 mm,
was also caught in January, at Olhau. The largest size female found in the catches
sampled was of TL= 228 mm ; three such specimens were found, all at Portimao and
caught in the months of July (2 specimens) and December (1 specimen). The mean TL
of all females sampled is 181.15 mm

Among the indeterminates found, that of the smallest size, TL= 147 mm, was
caught in August, at Olhau. The largest size found, TL= 195 mm, was caught in April,
at Portimao. The mean size of all indeterminates sampled is 163 mm.

The mean values of TL at each of the landing ports are shown in Figure 7.

There are significant differences in size according to sex (ANOVA p < 0.05),
with females being of larger size than males at each of the three ports.
 

In the case of sexually indeterminate specimens, those landed at Cádiz are of
smaller size than males and females. At Portimao and Olhau, there is no significant
difference between indeterminates and the smaller of the two sexes, the males.(Table
9).

Fig. 7. Mean TL of specimens of S. pilchardus by sex, at each of the three ports 
studied.

In Cádiz
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In Olhao

In Portimao

Table 9.  Differences in the sizes (TL) of males (1), females (2) and indeterminates (0), 
at each of the three landing ports.

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SEX            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
0              124       161,169           X  
1              1057      169,535            X 
2              808       172,236             X
--------------------------------------------------- -----------------------------
Contrast                                   Differen ce           +/-  Limits
--------------------------------------------------- -----------------------------
0 - 1                                     *-8,36612              1,94727           
0 - 2                                     *-11,067              1,97852           
1 - 2                                     *-2,70091              0,958617          
--------------------------------------------------- -----------------------------

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SEX            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
0              29        168,31            X 
1              344       174,061           X 
2              358       176,98             X
--------------------------------------------------- -----------------------------
Contrast                                   Differen ce           +/-  Limits
--------------------------------------------------- -----------------------------
0 - 1                                      -5,7507              5,86027           
0 - 2                                     *-8,6701              5,85135           
1 - 2                                     *-2,9194              2,28817           
--------------------------------------------------- -----------------------------

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SEX            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
0              10        185,9             X 
1              234       190,427           X 
2              577       196,222            X
--------------------------------------------------- -----------------------------
Contrast                                   Differen ce           +/-  Limits
--------------------------------------------------- -----------------------------
0 - 1                                      -4,52735              6,70646           
0 - 2                                     *-10,3218              6,62427           
1 - 2                                     *-5,79449              1,60961           
--------------------------------------------------- -----------------------------
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Degree of well-being or fattening of specimens: 

The condition (K) indicates how much the fish has fattened, the degree to which
it is in good condition and represents the prevalence of the weight variable over the
size variable, considering the total weight of the fish, that is, including the weight of the
gonads and visceras.

In the case of this variable K , significant differences are found in function of the
landing port (ANOVA p < 0.05) Table 10.
 

Table 10 :  Analysis of the variance of the condition (K) in function of landing port.

In this case, the pattern found differs from that shown by the variables TL and
TW considered individually. Specimens from catches landed at Cádiz present the best
condition.(mean K = 0.8703), followed by Portimao (mean K = 0.8327) and Olhao
(mean K = 0.8144). Table 11

Table 11.  Differences in the condition (K) of specimens landed at each of the three 
ports studied.

Considering only the somatic condition, that is comparing the specimens’
Vicerosomatic Index (VSI) which excluded the part of the fish weight contributed by the
gonads and visceras, significant differences are again observed, as indicated by the

ANOVA Table for K by SITE

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups             1,9932      2       0,99 66     154,41       0,0000
Within groups             22,9131   3550   0,006454 39
--------------------------------------------------- --------------------------
Total (Corr.)             24,9063   3552

Multiple Range Tests for K by SITE

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SITE           Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
3              731       0,814447          X  
2              822       0,832756           X 
1              2000      0,870308            X
--------------------------------------------------- -----------------------------
Contrast                                   Differen ce           +/-  Limits
--------------------------------------------------- -----------------------------
1 - 2                                     *0,037552              0,00652385        
1 - 3                                     *0,055861 1            0,00680556        
2 - 3                                     *0,018309 2            0,00800512        
--------------------------------------------------- -----------------------------
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ANOVA (p < 0.05). The mean values and the differences between groups are given in
Table 12. Again, the highest mean values are found for specimens landed at Cádiz
(mean VSI = 0.7804), followed by those at Portimao (mean VSI = 0.7428) and lastly at
Olhao (mean VSI = 0.7309)

Table 12.  Differences in the somatic condition (VSI) of the specimens landed at each 
of the three ports studied.

Over the period of time of the study, there are also significant differences
(ANOVA p<0.05) in the condition presented by specimens, considering the combined
the overall catch. Maximum values, and therefore the greatest degree of prevalence of
weight over length, in the months of the end of summer, with minimum values in the
months of winter.Table 13.

Table 13.  Monthly differences in the condition (K) of specimens landed, considering 
the total sampled at all three ports.(1 = January, 12 = December;  mes = month)

In respect of the vicerosomatic index (VSI), the seasonal pattern of variation is
very similar, with maximum values at the end of summer and minimum values in
winter. Unlike the monthly variation in the condition K, in this case there is less

Multiple Range Tests for IVISC by SITE

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SITE           Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
3              731       0,730913          X  
2              822       0,742779           X 
1              2000      0,780419            X
--------------------------------------------------- -----------------------------
Contrast                                   Differen ce           +/-  Limits
--------------------------------------------------- -----------------------------
1 - 2                                     *0,037639 5            0,00567076        
1 - 3                                     *0,049505 5            0,00591563        
2 - 3                                     *0,011865 9            0,00695832        
--------------------------------------------------- -----------------------------

Multiple Range Tests for K by MES

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
MES            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
1              194       0,700812          X     
2              180       0,718164           X    
12             422       0,810105            X   
3              160       0,817069            X   
4              399       0,858964             X  
6              388       0,865096             XX 
10             250       0,865102             XX 
7              401       0,870415              X 
5              385       0,870993              X 
9              372       0,908433               X
8              402       0,909741               X
--------------------------------------------------- -----------------------------

54



homogeneity among the months (8 homogenous groups are found, compared with 6
for condition K) Table 14.

Table 14. Monthly differences mensuales in the somatic condition (VSI) of the 

specimens landed, considering the total sampled at all three ports.
(1 = January, 12 = December; mes = month)

When the seasonal pattern found for specimens landed at each port is
examined, it can be seen that the catches landed at Cádiz follow the overall pattern,
possible due to the numerical weighting of Cadiz in the total sampled, with a single
mode. For specimens landed at Olhau and Portimao however, before the month of the
maximum value, a slight decrease is found - for July landings at Portimao and for June
landings at Olhau, as shown in Figure 8. The monthly evolution of the somatic
condition (VSI) at each of the landing ports is shown in Figure 9.

No significant differences are found in either the condition K or the
vicerosomatic index, between males and females, although a difference was found for
indetrminates. These latter showed higher values in both indices (Table 15). In the
case of the condition K, males present the lowest values, whereas in the case of the
somatic index, it is the females which present the lowest values. This difference may
be explained by the more advanced development of the female gonads compared with
the testicles, with their greater weight being reflected more in the K index.

K VSI

Males 0.846945 0.760198
Females 0.850073 0.759034
Indeterminates 0.879587 0.798936

Table 15. Mean values by sex for the fattening condition (K) and the somatic condition 
(VSI) in specimens of S. pilchardus sampled.

Multiple Range Tests for IVISC by MES

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
MES            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
1              194       0,638139          X        
2              180       0,638233          X        
12             422       0,719555           X       
3              160       0,73115             X      
4              399       0,753269             X     
5              385       0,776536              X    
10             250       0,777906              XX   
6              388       0,785113               XX  
7              401       0,789069                X  
9              372       0,810225                 X  
8              402       0,820752                  X
--------------------------------------------------- -----------------------------
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 CADIZ

 PORTIMAO

 OLHAO

Figure 8. Monthly evolution of the condition (K) at the three landing ports. (Means and 
95% LSD Intervals)
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OLHAO

Figure 9. Monthly evolution of the somatic condition (VSI) at the three landing ports.
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The Length-Weight relationship of specimens

When the TL-TW ratios of specimens landed at each port are analyzed, the
slopes and the intercepts of the three regression lines present significant differences
(Table 16 and Fig. 10)

Table 16. Comparison of the regression lines of the TL-TW correlations for specimens 
landed at each of the three ports

The model that explains this correlation at each of the three landing ports is as
follows :

For Cádiz: LOG (PT) = -10.7463 + 2.82312 LOG(LT)

For Portimao: : LOG (PT) = -10.437694 + 2.7596943 LOG(LT)

For Olhao: : LOG (PT) = -13.990886 + 3.438916 LOG(LT)

In the case of the TL-EW correlation, again significant differences are found in
respect of the regressions drawn for each port, both in the slope and in the intercept
(Table 17 and Fig 11):

Table 17. Comparison of the regression lines of the TL-EW correlation at each port.

The model explaining this correlation between EW and TL for specimens
landed at each port is as follows :

For Cádiz: LOG (EW) = -10.5918 + 2.77179 LOG(TL)

For Portimao: : LOG (EW) = -10.7747002 + 2.8021974 LOG(TL)

For Olhao: : LOG (EW) = -13.57822 + 3.338165 LOG(TL)

               Further ANOVA for Variables in the O rder Fitted
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
LOG(LT)                   227,021      1      227,0 21   24198,01       0,0000
Intercepts                  2,962      2        1,4 81     157,86       0,0000
Slopes                    1,53533      2     0,7676 63      81,82       0,0000
--------------------------------------------------- --------------------------
Model                     231,518      5

               Further ANOVA for Variables in the O rder Fitted
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
LOG(LT)                   219,648      1      219,6 48   26241,43       0,0000
Intercepts                 2,7011      2      1,350 55     161,35       0,0000
Slopes                    1,19415      2     0,5970 75      71,33       0,0000
--------------------------------------------------- --------------------------
Model                     223,543      5
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Fig. 10. Correlation between TL and TW of specimens of S. pilchardus 
landed at each port.

Fig 11. Correlation between TL and EW of specimens of S. pilchardus 
landed at each port.

SITE
CADIZ
PORTIMAO
OLHAO

Plot of Fitted Model

LOG TL

LO
G

 T
W

4,8 5 5,2 5,4 5,6
2,8

3,2

3,6

4

4,4

4,8

SITE
CADIZ
PORTIMAO
OLHAO

Plot of Fitted Model

LOG TL

L
O

G
 E

W

4,8 5 5,2 5,4 5,6
2,7

3,1

3,5

3,9

4,3

4,7

59



Correlation between TL and TW by sex:

Analyzing the total population sampled, the value of the parameter b of the
correlation between TL and TW, and of the parameter b' of the correlation between TL
and EW, by the 3 sex categories, is found to be lowest for the indeterminate
specimens, which show values close to those of the females, and highest for the
males, close to 3. (Table 18)

Sex b b'
INDETERMINATES 2.85 2.89
MALES 2.94 2.92
FEMALES 2.86 2.82

Table 18. Values of the parameter b y b' for each sex category.

The TL-TW correlation in function of sex shows significant differences in the
slopes and the intercepts of the regression (Table 19)

Table 19:  Comparison of the regression lines for the TL-TW correlation by sex 
category, considering the combined total catch sampled.

The model explaining this for each category is as follows : 

For indeterminates: LOG (TW) = -10.8971 + 2.85358 LOG (TL)
For males : LOG  (TW) = -11.386972 + 2.9422305 (TL)
For females: LOG (TW) = -10.9795693 + 2.8651384 (TL)

In the case of the TL-EW correlation, there are also significant differences in
the slopes, at a confidence level of 90% (Table 20).

Table 20:  Comparison of the regression lines for the TL-EW correlation, for each sex 
category, considering the combined total catch sampled.

The model explaining this for each category is as follows : 

               Further ANOVA for Variables in the O rder Fitted
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
LOG(LT)                   227,991      1      227,9 91   23632,56       0,0000
Intercepts               0,188138      2    0,09406 91       9,75       0,0001
Slopes                  0,0734254      2    0,03671 27       3,81       0,0223
--------------------------------------------------- --------------------------
Model                     228,252      5

               Further ANOVA for Variables in the O rder Fitted
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
LOG(LT)                   219,292      1      219,2 92   23379,43       0,0000
Intercepts               0,296744      2     0,1483 72      15,82       0,0000
Slopes                   0,056875      2    0,02843 75       3,03       0,0484
--------------------------------------------------- --------------------------
Model                     219,645      5
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For indeterminates: LOG (EW) = -11.1881 + 2.89189 LOG (TL)
For males: LOG  (EW) = -11.365397 + 2.9172267 (TL)
For females: LOG (EW) = -10.861129 + 2.8205705 (TL)

Table 21 gives the values of the two growth parameters b and b’, together with
those of the condition K and the VSI, by months and for the total of specimens
sampled (three ports combined). Figure 12 shows the monthly variation of the growth
parameters around the level of the value 3, which indicates the isometric growth.

b b' CONDITION K VSI
JANUARY 2.91 2.88 0.70 0.64
FEBRUARY 3.15 3.09 0.72 0.64
MARCH 2.85 2.77 0.82 0.73
APRIL 3.2 3.13 0.86 0.75
MAY 2.95 2.90 0.87 0.78
JUNE 2.81 2.78 0.86 0.78
JULY 2.78 2.77 0.87 0.79
AUGUST 2.93 2.93 0.91 0.82
SEPTEMBER 3.07 2.96 0.91 0.81
OCTUBER 2.84 2.79 0.86 0.78
DECEMBER 2.95 2.88 0.81 0.72

Table 21. Monthly values of b and b', together with those of the condition (K) and of the 
somatic condition (VSI)

Figure 12. Monthly variation  b and b' in specimens from the total catches of S. 
pilchardus analyzed

Gonadosomatic Index (GSI)
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The Gonadosomatic Index (GSI) is the ratio between the weight of the gonads
and the weight of the fish, expressed as a percentage. This index indicates the
development of the gonads, giving a fairly exact approximation to the reproductive
cycle. It has been calculated only for the catches landed at Cádiz. Significant
differences are found in the GSI of males and females (Table 22).

Table 22.   Results of the analysis of the variance of the value of the GSI in function of 
sex.

The males reach mean values higher than those of females. For males, the
mean value is 2.55534 and for females it is 2.27124.

The monthly evolution of the GSI allows a monitoring of the degree of
development of the gonads. In the case of males, there are significant differences
between the values recorded for each month (ANOVA p < 0.05).

When the homogeneity of the monthly values is analyzed, 3 or 4 different
groups are found.(Table 23). In the months of June, July and August, the lowest
values are found, while the highest values correspond to October and December (Fig.
13).

Table 23. Monthly variation and differences of the values of the GSI, for male 
specimens of S. pilchardus landed in Cádiz.

In the case of females, there are also significant differences between the
monthly values of the GSI (ANOVA p < 0.05), with a pattern similar to that found for
males being presented (Table 24 y Fig 14)

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups             36,765      1       36,7 65       8,17       0,0043
Within groups             8375,34   1861      4,500 45
--------------------------------------------------- --------------------------
Total (Corr.)             8412,11   1862

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
MES            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
7              96        0,248278          X    
6              126       0,38465           X    
8              104       0,415985          X    
5              151       1,81337            X   
9              155       2,57101             X  
4              82        2,62505             X  
10             154       4,51958              X 
12             188       5,31533               X
--------------------------------------------------- -----------------------------
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Table 24.  Monthly variation and differences of the values of the GSI, for female 
specimens of S. pilchardus landed in Cádiz.

The months when the gonads are less developed are considered to be the
quiescent period. This is found in the months of June, July and August. The month
when the values are highest is December, therefore it can be concluded that the
concentrated spawning takes place in the winter months.

 Figure 13. Monthly variation of the mean values of the GSI for male specimens of S. 
pilchardus

Figure 14. Monthly variation of the mean values of the GSI for female specimens of S. 
pilchardus

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
MES            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
6              88        0,45396           X    
7              117       0,481642          X    
8              102       0,520985          X    
9              95        2,25078            X   
5              92        3,01301             X  
4              155       3,3131               X 
10             96        3,49007              X 
12             62        5,55382               X
--------------------------------------------------- -----------------------------
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Index of Repletion

This index is used to determine the weight of the gastrointestinal content of the
fish and gives a measure of the feeding activity. Significant differences are found in
function of sex category (Table 25).

Table 25. Analysis of the variance of the Index of Repletion, in function of sex 
category.

The highest values are found for females, with the males and indeterminates
forming one homogeneous group (Table 26):

Table 26. Mean values of the Index of Repletion of each sex category, and significance 
of the difference between these

In the analysis of possible monthly variations in feeding activity, significant
differences are also found, considering the total population of specimens sampled. The
lowest values correspond to the months of September and October, and the highest
values to the months of Spring, after which they begin to decrease.

Determining the seasonal pattern of feeding by sex category, there are
significant monthly differences in all three cases (ANOVA p< 0.05). For the
indeterminates, specimens a grouping appears for the summer months (June to
August) with the lowest values, and higher values shown for April and May (Table 27)

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups             28,449      2      14,22 45      17,63       0,0000
Within groups             1570,82   1947     0,8067 92
--------------------------------------------------- --------------------------
Total (Corr.)             1599,27   1949

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SEXO           Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
1              1022      1,57502           X 
0              126       1,6355            X 
2              802       1,82535            X
--------------------------------------------------- -----------------------------
Contrast                                   Differen ce           +/-  Limits
--------------------------------------------------- -----------------------------
0 - 1                                      0,060472 4            0,166223          
0 - 2                                     *-0,18985 5            0,168706          
1 - 2                                     *-0,25032 8            0,083048          
--------------------------------------------------- -----------------------------
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Table 27. Monthly variation of the feeding activity of the sexually-indeterminate 
specimens of  S. pilchardus sampled (in total), and grouping by time in function of 

homogeneity.

In the case of the sexually determined specimens, a different pattern is found,
with the lowest values in the months of September and October (Table 28).

Males:

Females

Table 28. Monthly variation of the feeding activity of male and female specimens of S. 
pilchardus sampled (in total) and grouping by time, in function of homogeneity. 

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
MES            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
10             250       0,925145          X     
9              250       0,998434          X     
8              249       1,32878            X    
7              249       1,4402              X   
12             214       1,48163             X   
6              249       1,59541              X  
5              247       2,29949               X 
4              250       3,39365                X
--------------------------------------------------- -----------------------------

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
MES            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
10             154       0,932836          X     
9              155       0,98608           X     
8              104       1,32264            X    
12             155       1,37374            XX   
7              96        1,45833             X   
6              126       1,64942              X  
5              150       2,36052               X 
4              82        3,18031                X
--------------------------------------------------- -----------------------------

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
MES            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
10             96        0,912806          X      
9              95        1,01859           X      
8              101       1,27138            X     
7              117       1,41618             X    
6              87        1,56689              X   
12             59        1,76506               X  
5              92        2,20286                X 
4              155       3,49879                 X
--------------------------------------------------- -----------------------------
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Age of specimens

The age of the specimens sampled has been determined by studying the
otoliths extracted from the fish. Using this methods, the ages determined for the total
number of specimens sampled from all three landing ports are given in Table 29.

L1 L2 L3 L4
N 179 780 429 56
Mean TL 157,15 177,03 191,56 162,77
Std. Dev +/-6.56 +-/14.79 +/-13.25 +/-9.59

Table 29. Nº sampled (N), mean total length (TL), and standard deviation of the mean 
sizes for each age class (L), calculated by a count of the annual growth rings of the 

otoliths

The wide dispersion in the sizes which appears principally in the age classes 2+
and 3+, raises the possibility of differences in mean sizes by age in function of landing
port. The analysis of this is given in Table 30.

Landing port L1 L2 L3 L4
N 177 310 74 3

Cadiz Mean TL 157.27 171.66 182.471 192

N 2 289 111 17
Olhao Mean TL 161.5 171,59 183.68 188.41

N 0 181 244 36
Portimao Mean TL - 193.34 197.27 199.83

Table 30.  Nº sampled (N) and mean total length (TL), for each age class determined 
by counting the annual growth rings of the otoliths, by landing port.

From the analysis of the age structure of the population, considering the total
sampled, it is observed that those of age class 2+ are predominant ; these are
specimens in their third year of life (Table 31). However, when the structure of
specimens landed at each port is studied separately, a different structure is found for
each port.

Age class % total % Cádiz % Olhao % Portimao
1: 12.81 31.38 0.48 
2: 52.47 54.96 68.97 39.26
3: 30.71 13.12 26.49 52.93
4 4.01 0.53 4.06 7.81

Table 31. Age structure of specimens of S. pilchardus sampled, in total and at each 
landing port.
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In the catches landed at Cadiz, despite the predominance of age class 2+,
those specimens of age 1+ represent almost one third of the total, but at Olhau they
are virtually absent, and at Portimao completely absent. Also the presence of
specimens of age class 4+ is very limited at Cádiz, and reduces towards the month of
December.
.  

In the case of Olhau, age class 2+ is also predominant, with age class 3+
constituting more than a quarter of the total. This trend for the older age classes to be
predominant is even more evident at Portimao, where more than half of the total catch
belong to age class 3+

The mean sizes by sex, determined from the otoliths, are given in Table 32.

In the catches landed at Olhao, no males of age 1+ are found, this age being
represented by only two females. Also at this port, one male specimen was found of
age 5+ according to the otoliths ; but since reliable data on mean size cannot be based
on just one specimen, this age class has not been taken into account in the study of
annual growth.

In the results obtained for mean sizes of males and females of age class 4+ at
Portimao, the values are slightly lower than the mean values for age class 3+. In view
of this situation further study is required, therefore these results have not been used
for determining the annual growth in the catches landed at Portimao.

Cádiz Olhao Portimao

M
L1 L2 L3 L4 L1 L2 L3 L4 L2 L3 L4

N 78 148 41 2 121 55 9 51 76 8
L 158.04 170.56 181.98 190.0 169.0 183.0 190 188.74 192.3 186.1

F
N 59 134 30 1 2 108 53 12 129 163 28
L 158.7 173.9 184.16 196.0 161.0 173.8 185.1 188.7 195.2 199.8 197.8

Table 32.  Nº sampled (N) and mean sizes of each age class (L) for each sex 
(M = male and F = female).

There are no significant differences in respect of mean size of each age class
in the catches landed at Olhao and Cádiz, in none of the age classes (ANOVA, p >
0.05). In the case of Portimao, significant differences are found in all age classes,
compared with the catches of both Cádiz and Olhao, the mean values being higher for
all ages.

Variations of GSI with age

Significant differences are found in the values of the GSI in males in function of
age (ANOVA p< 0.05). Although the GSI of males of ages 1+ and 2+ do not present
significant differences, these do appear fir the GSI of males of ages classes 3+ and
4+, which show higher mean values (Table 33).
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Table 33. Mean values of GSI of male specimens of S. pilchardus , and differences in 
function of their age.

In the case of females, the differences in the GSI of the various age classes are
at the limit of significance. As with males, the highest mean values are presented by
the oldest females (Table 34).

Table 34.  Analysis of the variance of the GSI of females in function of age, and mean 
values of this index for each age class.

The monthly analysis of the possible differences of GSI in function of age
shows that these are not significant, except at the end of the period of quiescence and
when the gonads begin to grow again (Table 35)

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
edadotolitos   Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
1              78        1,4701            X 
2              148       1,65303           X 
3              41        4,29404            X
4              2         6,15377            X
--------------------------------------------------- -----------------------------
Contrast                                   Differen ce           +/-  Limits
--------------------------------------------------- -----------------------------
1 - 2                                      -0,18293              0,568951          
1 - 3                                     *-2,82394              0,784391          
1 - 4                                     *-4,68367              2,91193           
2 - 3                                     *-2,64101              0,71764           
2 - 4                                     *-4,50074              2,89466           
3 - 4                                      -1,85973              2,9446            
--------------------------------------------------- -----------------------------
* denotes a statistically significant difference.

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups            19,2463      3      6,415 43       2,51       0,0597
Within groups             562,562    220       2,55 71
--------------------------------------------------- --------------------------
Total (Corr.)             581,808    223

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
edadotolitos   Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
2              134       1,33721           X 
1              59        1,36195           X 
3              30        2,15239            X
4              1         2,96883           XX
--------------------------------------------------- -----------------------------
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Age class
Month 1+ 2+ 3+
Aug 0.38* 0.44 0.63
Sep 2.3 2.4 2.8
Oct 3.4* 4.5 5.44

Table 35. Mean values of the GSI for each age class, at the end of the period of 
quiescence and the beginning of the period of growth of the gonads.

 * indicates significant differences from the rest.

In the case of the month of December, just before spawning, there are no
significant differences in the GSI in function of age, with all age classes presenting a
proportionally similar inversion in reproductive tissue.

Annual growth

The expression of annual growth by the model of von Bertalanffy is calculated
using sizes determined by visual examination of the rings of the otoliths, as well as
using the mean sizes obtained from analysis of the size distribution frequency. This
latter method can only be used for specimens landed at Cádiz and Olhao, as the data
of Portimao do not fit the model (Table 36).

L∞ k
Cádiz Otolith method 204.87 0.4279
Olhao Otolith method 197.29 0.5074

Total specimens,
3 ports

Otolith method 197.85 0.747

Frequency distribution 217.677 0.4581

Table 36. Values of the maximum theoretical size (L∞) and the growth constant (k) of 
the growth model of von Bertalanffy for S. pilchardus at Cadiz and Olhao, and for the 

overall total of all catches landed at the 3 ports of the Gulf of Cádiz

Table 37 gives the values of the parameters L∞ and k of this model for males
and females, calculated using the sizes obtained from the direct reading of the otoliths,
and from the size distribution frequency of specimens caught.

Males Females
Cadiz Otolith method L∞ 199.14 210.5

K 0.4869 0.4126

Olhao Otolith method L∞ 195.70 192.99
k 0.555 0.6557

Table 37. Values L∞ and k by sex, of specimens landed at Cádiz and Olhao.

The values of ωωωω and ϕ', of S. pilchardus landed at each port, are given in table 
38.:
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Males Females Total
Cadiz Otolith method ωωωω 96.96 86.85 87.66

ϕ', 4.28 4.262 4.254  
Olhao Otolith method ωωωω 108.61 126.52 100.10

ϕ', 4.33 4.39 4.30
Gulf of Cádiz Frequency distribution ωωωω 79.55 122.82 99.71

ϕ', 4.237 4.387 4.3365

Table 38. Values ωωωω and ϕ', by sex, in function of method of determination of mean sizes 
by age.

To compare the results obtained with those of other studies made of this
species, the values reported by other authors for various populations have been used,
according to the following references :

1.  Cadiz (This study : otolith method); 
2.  Olhao (This study : otolith method)
3.  Gulf of Cádiz (This study : length-frequency analysis of specimens landed at 3 ports)
4.  Larache (Rodiguez Roda, 1971); 
5.  Galicia (Porteiro and Alvarez, 1985); 
6.  Galicia (Porteiro and Alvarez, 1985); 
7.  South of Portugal (Jorge and Monteiro,  1980); 
8.  Central  Portugal Jorge and Monteiro,  1980); 
9.  Galicia (Lopez-Veiga, 1978); 
10.  Galicia (Alvarez and Porteiro, 1981); 
11.  Galicia (Alvarez and Porteiro, 1981); 
12.  Mediterranean (Morales-Nin and Pertierra, 1990, otolith method) 
13.  Mediterranean (Morales-Nin and Pertierra,1990, length-frequency analysis)

L∞ k ωωωω ϕ',

4 Larache 
Rodiguez Roda (1971)

252 0.225 56.7 4.15

5 Galicia 
Porteiro Y Alvarez  (1985)

226 0.53 119.78 4.43

6 Galicia 
Porteiro Y Alvarez  (1985)

225.8 0.52 117.416 4.42

7 South Portugal 
Jorge y Monteiro (1980)

235.5 0.48 113.04 4.42

8 Central Portugal 
Jorge y Monteiro (1980)

237.79 0.52 123.65 4.468

9 Galicia 
Lopez-Veiga (1978)

230 0.50 115 4.42

10 Galicia 
Alvarez y Porteiro (1981)

222.60 0.53 116.9 4.419

11 Alvarez y Porteiro (1981)
Galicia

222.58 0.52 115.74 4.41

12 Mediterranean 
Morales-Nin y Pertierra (1990)
 (Otolith)

200.8 0.2348 47.1478 3.976

13 Mediterranean 
Morales-Nin y Pertierra (1990)
(Length-frequency analysis)

199 0.35 69.65 4.14

Table 39. Values of  L∞, k, ωωωω and ϕ', in different populations of S. pilchardus
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A factorial analysis has been carried out with these values. The first two
components from this analysis explain 81.28% of the total variance The scatterplot
from this analysis is shown as Figure 15 : 

Figure 15.  Scatterplot of the Principal Components Analysis

Key : 
1= Cadiz (Otolith); 2= Olaho (Otolith) 3= Gulf of Cádiz (Length-frequency analysis); 
4 = Larache (Rodiguez Roda, 1971); 5 = Galicia (Porteiro and Alvarez,1985); 
6 = Galicia (Porteiro and Alvarez, 1985); 
7= South of Portugal (Jorge and Monteiro,  1980); 
8 = Central  Portugal (Jorge and Monteiro,  1980); 
9 = Galicia (Lopez-Veiga, 1978); 10= Galicia (Alvarez and Porteiro, 1981); 
11 = Galicia (Alvarez and Porteiro, 1981); 
12 = Mediterranean (Morales-Nin and Pertierra, 1990) (Otolith)
13 = Mediterranean (Morales-Nin and Pertierra, 1990) (Length-frequency analysis)

Performing a classification analysis to see how the various points are grouped, the
dendrogram shown as Figure 16 is obtained.
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Figure 16. Classification analysis of the different populations of S. pilchardus studied :

Key : 
1= Cadiz (Otolith); 2= Olaho (Otolith) 3= Gulf of Cádiz (Length-frequency analysis); 
4 = Larache (Rodiguez Roda, 1971); 5 = Galicia (Porteiro and Alvarez,1985); 
6 = Galicia (Porteiro and Alvarez, 1985); 
7= South of Portugal (Jorge and Monteiro,  1980); 
8 = Central  Portugal (Jorge and Monteiro,  1980); 
9 = Galicia (Lopez-Veiga, 1978); 10= Galicia (Alvarez and Porteiro, 1981); 
11 = Galicia (Alvarez and Porteiro, 1981); 
12 = Mediterranean (Morales-Nin and Pertierra, 1990) (Otolith)
13 = Mediterranean (Morales-Nin and Pertierra, 1990) (Length-frequency analysis)

It can be observed that two groups are clearly differentiated : the populations of
the Atlantic and those of the Mediterranean (12 and 13). The separation of the Larache
population from those of the Atlantic is thought to be due to the very different
methodology used in that study.
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Engraulis encrasicholus  (Anchovy)

In the determination of the biological parameters of E. encrasicholus, a total of
4187 specimens have been analyzed, 3976 from catches landed at Cádiz and 211 at
Olhao. 

The relationship between TL and SL is a linear regression (Fig. 18) which for
the total number of specimens sampled, is given by the model: 

SL = -4.93076 + 0.902294 TL

N= 4126, r= 0.9833, p < 0.05

Fig 18. Linear regression between SL and TL in E. encrasicholus in the Gulf of Cádiz

There are significant differences (ANOVA p < 0.05) in this relationship for the
specimens sampled in function of landing port. ; the differences in respect of intercept
are significant at 99% confidence, while those in respect of slope are significant at
90% confidence (Table 40)

Table 40. Results of the comparison of the linear regressions between SL and TL, in 
specimens landed at the two ports studied.

The following are the equations for the linear model representing this
relationship, at the two ports.

At Cádiz: LS = -2.83216 + 0.8885107 LT 
At Olhao LS = -4.91482 + 0.915255 LT OLHAO
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               Further ANOVA for Variables in the O rder Fitted
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
LT                       522098,0      1     522098 ,0  134488,46       0,0000
Intercepts                 1012,9      1       1012 ,9     260,91       0,0000
Slopes                     12,024      1       12,0 24       3,10       0,0784
--------------------------------------------------- --------------------------
Model                    523123,0      3
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Length of specimens.

For the determination of the growth of this species, the total length of the fish
(TL), expressed in mm, has been used generally.
The mean values and standard deviation of the TL determined for the total number of
specimens of this species sampled, are given in table 41.

Mean 129.292 mm.
Standard deviation 12.3774 mm.
Minimum 90.0 mm.
Maximum 172.0 mm

Table 41 Mean TL, standard deviation and maximum and minimum values found, for 
the sample of E. encrasicholus analyzed.

The representation of the frequency distribution of sizes of the specimens
analyzed is shown as figure 19.

Fig 19  Distribution of the frequencies of sizes, for the total nº of specimens of E. 
encrasicholus sampled in the Gulf of Cádiz

Significant differences (ANOVA, p < 0.05) are found in the sizes of specimens
landed at the two ports studied Table 42.

Table 42. Analysis of the variance of the TL in function of landing port.

The mean TL is greater in the case of catches landed at Olhao (mean TL =
149.829 mm) than at Cádiz (mean TL = 128.202 mm)

There are significant differences (ANOVA p < 0.05) in the mean sizes of
anchovy caught in function of the month, in the two population groups, although no
representative seasonal pattern is found.
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                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups            93720,7      1      93720 ,7     716,29       0,0000
Within groups            547573,0   4185      130,8 42
--------------------------------------------------- --------------------------
Total (Corr.)            641293,0   4186



Sex ratio 

The sex ratio found is 1.39, somewhat greater than parity, considering the total
of specimens analyzed - 2272 males / 1628 females (Fig 20). 

There are differences by landing port: 

At Cadiz, the landing port for the great majority of specimens analyzed, the
males are predominant over the females: 

(2215 males/ 1606 females: ratio 1.38)
This proportion is very similar to that found for sardines landed at Cadiz.

At  Olhao, the numerical predominance of males is greater : 
(57 males / 22 females: ratio 2.59)

By months, the males are predominant in all months except July, September
and October. The proportion of indeterminates in the catches sampled is very low,
apart from October, when the indeterminates reach their maximum, at 20%.(Fig. 21).

Considering the total sampled, there are significant differences (ANOVA p <
0.05) in the sizes (TL) of the specimens in function of sex.(Table 43).
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Fig. 21 Monthly variation in the proportion of sexes in the specimens of E. 
encrasicholus analyzed.

Table 43.- Analysis of the variance of sizes (TL), in function of sex.

The differences are significant in all the pairs compared (Table 44) The females
present a greater mean size (mean TL =133.26 mm.). The males (mean TL = 126.95
mm.) are larger than the indeterminates (mean TL  = 114.59 mm)

Table 44. Comparison and mean values of the TL of indeterminates (0), males (1) y 
females (2) in the catches of E. encrasicholus in the Gulf of Cádiz

This size variation by sex is maintained in the case of the specimens from
catches landed at Cádiz, but it is not significant in the case of the sub-sample of
specimens from (ANOVA p > 0.05) in which all the specimens appear as a

ANOVA Table for LT by SEX

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups            76341,0      2      38170 ,5     293,49       0,0000
Within groups            535959,0   4121      130,0 56
--------------------------------------------------- --------------------------
Total (Corr.)            612300,0   4123

Multiple Range Tests for LT by SEX

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SEX            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
0              175       114,594           X  
1              2273      126,945            X 
2              1676      133,261             X
--------------------------------------------------- -----------------------------
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homogeneous group. In this case, the females are of a slightly smaller size than the
males (Table 45). 

Table 45.  Mean values of size by sex category (indeterminates (0), males (1) and 
females (2 )) and homogeneity in respect of possible differences of this variable in 

function of sex, in specimens of E. encrasicholus from catches landed at Olhao

This disparity may be explained by the larger size of the specimens from
catches landed at Olhao, taking into account that the differences of size in function of
sex are produced mainly by the younger specimens. The differences in TL between
males and females are not significant when the sample population taken consists only
of those specimens with  TL > 136 mm. (Table 46)

Table 46.  Values of mean TL and degree of homogeneity of this variable in function of 
sex  (1= males, 2= females) in the catches of E. encrasicholus in the Gulf of Cádiz.

Degree of well-being or fattening: 

The condition (K) indicates the degree of fattening achieved by the fish, its
degree of well-being and suitability for human consumption. It represents the
prevalence of the weight variable over the size variable, and takes total weight (TW)
including the weight of the gonads and viscera.
In the case of this variable (K), significant differences are found in function of port of
landing (ANOVA  p < 0.05) Table 47 .

Table 47.  Analysis of the variance of the condition (K) in the two sub-samples.
As occurs with S. pilchardus, the mean condition is better in the specimens

from catches landed at Cádiz than those at Olhao (Table 48).

Multiple Range Tests for LT by SEX

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SEX            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
0              22        148,318           X
2              69        149,333           X
1              57        151,702           X
--------------------------------------------------- -----------------------------

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SEX            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
1              364       143,423           X 
2              634       144,24            X 

ANOVA Table for CONDICION by SEX

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups           0,999629      2     0,4998 15     151,33       0,0000
Within groups             13,1218   3973   0,003302 75
--------------------------------------------------- --------------------------
Total (Corr.)             14,1215   3975
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Table 48. Mean values of the condition in function of landing port sampled 
(1= Cádiz; 3= Olhao)

In differentiating the catches by sex, significant differences are found in the
condition, in specimens landed at Cádiz (ANOVA, p< 0.05), in which the females
present the better condition (Table 49)

Table 49. Mean values of the condition of Indeterminates (0), males (1) and females of 
E. encrasicholus

In the specimens landed at Olhao, the differences in the condition in function of
sex are significant only at 90% confidence (ANOVA p > 0.05), (Table 50)

Table 50. Analysis of the variance of the condition (K) in function of sex, in the sample 
of E. encrasicholus landed at Olhao

In this case, the worse condition is presented by the females, with the
intermediates showing an intermediate value for this variable and not presenting
significant differences from either males or females.(Table 51).

Multiple Range Tests for CONDICION by LUGAR

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
LUGAR          Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
3              211       0,636409          X 
1              3976      0,682268           X
--------------------------------------------------- -----------------------------

Multiple Range Tests for CONDICION by SEX

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SEX            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
0              153       0,640664          X  
1              2216      0,672212           X 
2              1607      0,700095            X
--------------------------------------------------- -----------------------------

ANOVA Table for CONDICION by SEX

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups          0,0150117      2   0,007505 86       2,51       0,0846
Within groups            0,433145    145   0,002987 21
--------------------------------------------------- --------------------------
Total (Corr.)            0,448157    147
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Table 51. Mean values of the condition (K) and significance of the differences of this 
variable in respect of the Indeterminates (0), males (1) and females (2).

By months, the condition shows significant differences (ANOVA p< 0.05), with
higher values in the months of May and June, and the lowest in October (Table 52)

Table 52. Monthly variation of the condition (K) in the catches landed at Cádiz 

The monthly variation in the condition (K) in males and females is shown in
figure 22. 

Multiple Range Tests for CONDICION by SEX

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SEX            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
2              69        0,641319          X 
0              22        0,660143          XX
1              57        0,661984           X
--------------------------------------------------- -----------------------------
Contrast                                   Differen ce           +/-  Limits
--------------------------------------------------- -----------------------------
0 - 1                                      -0,00184 135          0,0271136         
0 - 2                                      0,018823 9            0,0264488         
1 - 2                                     *0,020665 2            0,019335          
--------------------------------------------------- -----------------------------

Multiple Range Tests for CONDICION by MES

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
MES            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
10             500       0,64844           X    
8              500       0,656138           X   
12             500       0,656138           X   
9              500       0,674977            X  
4              496       0,68377              X 
7              480       0,687775             X 
6              500       0,724483              X
5              500       0,726654              X
--------------------------------------------------- -----------------------------
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MES = MONTH

CONDICION = CONDITION
95%

Figure 22. Monthly variation of the mean values of the condition (K) in males and 
females of E. encrasicholus

The seasonal pattern of this variable is different in males and females. The
males reach their best condition in May, after which the value begins to fall. In the case
of females, the maximum values are reached in June, just before the spawning
season.
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Significant differences are also found in respect of the somatic condition (VSI)
in function of landing port (ANOVA p < 0.05), with the higher values corresponding to
specimens landed at Cadiz (Table 53)

Table 53. Mean values of the somatic condition (VSI) of the specimens of E.  
encrasicholus landed at Cádiz (1) and at Olhao (3)

By sex there are significant differences in the somatic condition (VSI), (ANOVA
p < 0.05) both for Olhao (Table 54) and for Cádiz (Table 55). At Olhao the females
present the worst somatic condition, and that presented by the indeterminates is the
best. This pattern is the complete reverse in the specimens landed at Cádiz, in which
the best somatic condition is presented by the females and the worst by the
indeterminates.

Table 54. Analysis of the  variance of the somatic condition (VSI) in function of sex 
category, and significance of the differences between the mean values of this variable 

in the catches landed at Olhao (Indeterminates (0), males (1) and females (2).)

Multiple Range Tests for IVICEROSOMATIC by LUGAR

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
LUGAR          Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
3              211       0,585903          X 
1              3974      0,604961           X
--------------------------------------------------- -----------------------------

Multiple Range Tests for IVICEROSOMATIC by SEX

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SEX            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
2              69        0,584436          X 
1              57        0,604054          XX
0              22        0,620733           X
--------------------------------------------------- -----------------------------
Contrast                                   Differen ce           +/-  Limits
--------------------------------------------------- -----------------------------
0 - 1                                      0,016678 8            0,0289391         
0 - 2                                     *0,036297 3            0,0282297         
1 - 2                                      0,019618 4            0,0206369         
--------------------------------------------------- -----------------------------
* denotes a statistically significant difference.

ANOVA Table for IVICEROSOMATIC by SEX

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups          0,0260983      2    0,01304 91       3,83       0,0238
Within groups            0,493437    145   0,003403 02
--------------------------------------------------- --------------------------
Total (Corr.)            0,519536    147
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Table 55. Analysis of the  variance of the somatic condition (VSI) in function of sex 
category, and significance of the  differences between the mean values of this variable, 

in the catches landed at Cádiz (Indeterminates (0), males (1) and females (2).)

The monthly variation of the somatic condition (VSI) in each sex is shown in
figure 23. In this case, the seasonal pattern is very similar in both sexes

Figure 23. Monthly variation of the mean values of the somatic condition (VSI) in males 
and females of E. encrasicholus

ANOVA Table for IVICEROSOMATIC by SEX

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups           0,319011      2     0,1595 06      67,46       0,0000
Within groups             9,38985   3971   0,002364 61
--------------------------------------------------- --------------------------
Total (Corr.)             9,70886   3973

Multiple Range Tests for IVICEROSOMATIC by SEX

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SEX            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
0              153       0,583032          X  
1              2215      0,599055           X 
2              1606      0,615194            X
--------------------------------------------------- -----------------------------
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Size-weight relationship of specimens

In the relationship between TL and TW, there are significant differences in the
intercept of the regression lines representing this relationship, for each sampling point.
(Table 56)

Table 56.  Parameters and analysis of the variance of the multiple regression analysis 
of the TW-TL relationship in specimens of E. encrasicholus in catches landed at the 

two ports studied.

The model of this relationship for specimens landed at each port is : 

At Cádiz: LOG (TW) = -12.5549 + 3.13525 LOG(TL)

At Olhao: : LOG (TW) = -12.8786 + 3.18162 LOG(TL)

In the case of the relationship between eviscerated weight (EW) and total
length (TL), significant differences are also found in the regression line intercepts, but
not in the slopes of the lines (Table 57). 

The  model of this relationship for specimens landed at each port is :

At Cádiz: LOG (EW) = -12.6053 + 3.112086 LOG(TL)

At Olhao : LOG (EW) = -12.6021 + 3.110979 LOG(TL)

Dependent variable: LOG(PT)
Independent variable: LOG(LT)
Level codes: LUGAR

Number of complete cases: 4187
Number of regression lines: 2

Multiple Regression Analysis
--------------------------------------------------- -----------------------------
                                          Standard          T
Parameter                  Estimate         Error       Statistic        P-Value
--------------------------------------------------- -----------------------------
CONSTANT                   -12,5549      0,0712679       -176,165         0,0000
LOG(LT)                     3,13525      0,0146935        213,377         0,0000
LUGAR=3                   -0,323688       0,553851      -0,584431         0,5589
LOG(LT)*LUGAR=3            0,046369       0,110646       0,419076         0,6752
--------------------------------------------------- -----------------------------

                           Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Model                     371,876      3      123,9 59   16963,19       0,0000
Residual                  30,5673   4183    0,00730 75
--------------------------------------------------- --------------------------
Total (Corr.)             402,443   4186

R-Squared = 92,4046 percent
R-Squared (adjusted for d.f.) = 92,3991 percent
Standard Error of Est. = 0,0854839
Mean absolute error = 0,0660032
Durbin-Watson statistic = 1,38115
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Table 57.  Parameters and analysis of the variance of the multiple regression analysis 
of the EW-TL relationship in specimens of E. encrasicholus in catches landed at the 

two ports studied.

Length-weight relationship by sex category.

Analyzing the total of specimens sampled from the two ports, the values of the
parameter b of the TL-TW relationship and of the parameter b' of the TL-EW
relationship, by sex category, are higher than 3 (isometric growth) for the specimens of
indeterminate sex, but for both males and females, values are very close to 3 (Table
58).

Sex b b'
INDETERMINATES 3.145 3.18
MALES 3.010 3.066
FEMALES: 2.99 3.024

Table 58. Values of the parameter b and b', by sex category.

Significant differences (ANOVA of the regression model p < 0.05) are found
both in the intercept and in the slope of the regression lines for the TL- TW and TL-EW
relationships, by sex category.

Dependent variable: LOG(PE)
Independent variable: LOG(LT)
Level codes: LUGAR

Number of complete cases: 4185
Number of regression lines: 2

Multiple Regression Analysis
--------------------------------------------------- -----------------------------
                                          Standard          T
Parameter                  Estimate         Error       Statistic        P-Value
--------------------------------------------------- -----------------------------
CONSTANT                   -12,6053      0,0750692       -167,916         0,0000
LOG(LT)                     3,12086      0,0154772        201,643         0,0000
LUGAR=3                  0,00324257       0,583333      0,0055587         0,9956
LOG(LT)*LUGAR=3           -0,011077       0,116536     -0,0950521         0,9243
--------------------------------------------------- -----------------------------

                           Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Model                     374,759      3       124, 92   15410,45       0,0000
Residual                  33,8919   4181   0,008106 17
--------------------------------------------------- --------------------------
Total (Corr.)             408,651   4184

R-Squared = 91,7064 percent
R-Squared (adjusted for d.f.) = 91,7004 percent
Standard Error of Est. = 0,0900342
Mean absolute error = 0,0612974
Durbin-Watson statistic = 1,59379
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In the case of the TL-TW relationship, the model for each category is :

For indeterminates: LOG (TW) = -12.6422 + 3.14504 LOG (TL)
For males: LOG  (TW) = -11.9639 + 3.0103 (TL)
For females : LOG (TW) = -11.84618 + 3.09380 (TL)

The model for the  TL-EW relationship is :

For indeterminates: LOG (EW) = -12.9141 + 3.18333 LOG (TL)
For males: LOG  (EW) = -12.3495 + 3.006626 (TL)
For females : LOG (EW) = -12.120365 + 3.023718 (TL)

By months and for the total sample, the values of the growth parameters are
given in Table 59. Figure 24 shows the monthly variation of the parameters b and b'
in relation to the value of isometric growth, 3.

Figure 24.  Monthly variation of b and b' in the total specimens E. encrasicholus 
studied (two ports)

b b' CONDITION K VSI
APRIL 3.175 3.105 0.68377 0.59506
MAY 3.095 3.115 0.72665 0.63871
JUNE 3.298 3.229 0.72448 0.63354
JULY 3.217 3.185 0.68778 0.61280
AUGUST 3.090 2.985 0.65614 0.58287
SEPTEMBER 2.938 2.874 0.67498 0.60598
OCTOBER 3.091 3.061 0.64844 0.58802
DECEMBER 3.131 3.114 0.65947 0.58885

Table 59. Monthly values of b and b', and of the condition (K) and of the somatic 
condition (VSI) in E. encrasicholus

Gonadosomatic Index (GSI)
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The Gonadosomatic Index describes the relationship between the weight of the
gonads and the weight of the fish, expressed as a percentage. It indicates the
development of the gonads, giving a fairly close approximation to the reproductive
cycle. The index has only been calculated for the catches landed at Cadiz. There are
significant differences in the GSI between males and females (Table 60): 

Table 60. Results of the analysis of the variance of the value of the GSI, in function of 
sex.

The males achieve higher mean values than the females (mean value for males
3.15889 : and for females : 2.92162) 

The monthly evolution of the GSI enables the rate of development of the
gonads to be monitored. In the case of the males there are significant differences in
respect of the values reached each month (ANOVA p < 0.05). The highest values are
reached in the months from May to July (Table 61 y Fig. 25)

Table 61. Monthly variation and differences of the values of the GSI of the male 
specimens.

 
In the case of the females, there are also significant differences (ANOVA p <

0.05) of this index in respect of the month, with the highest values being reached in the
month of June (Table 62 y Fig. 25).

ANOVA Table for IGStot by SEXO

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups            40,0056      1      40,00 56      18,32       0,0000
Within groups             8340,62   3820      2,183 41
--------------------------------------------------- --------------------------
Total (Corr.)             8380,62   3821

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
mes            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
10             206       0,872686          X     
9              231       1,39676            X    
12             312       2,94257             X   
8              312       2,94257             X   
4              344       3,35214              X  
5              296       4,11111               X 
7              230       4,23365               XX
6              285       4,39043                X
--------------------------------------------------- -----------------------------
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Table 62.  Monthly variation and differences of the values of the GSI of the female 
specimens.

Multiple Range Tests for IGStot by mes

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
mes            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
10             197       1,99324           X   
9              252       1,99618           X   
4              147       2,86868            X  
7              250       3,02214            X  
8              172       3,07442            X  
12             172       3,07442            X  
5              201       3,376               X 
6              215       4,10698              X
--------------------------------------------------- -----------------------------
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Fig. 25. Monthly evolution of the mean  values of the  GSI of male and female 
specimens of E. encrasicholus
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Index of Repletion

This index determines the weight of the gastrointestinal content of the fish, and
thus serves as an indicator of feeding activity. Significant differences are found in
function of sex. (Table 63)

Table 63. Analysis of the variance of the feeding activity, in function of sex.

There are significant differences in the feeding activity of males and females,
with the indeterminates being intermediate between the two without presenting
statistically significant differences from either males or females (Table 64 and Fig 26)

Table 64. Mean values of the feeding activity of each sex category of  E. encrasicholus 
(0= indeterminates, 1 = males, 2= females) and significance of the differences.

Fig 26. Mean values of the feeding activity of each sex category, of E. encrasicholus 

(0= indeterminates, 1 = males, 2= females)

ANOVA Table for IREPLECCION by SEXO

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups            3,98867      2      1,994 34       5,85       0,0029
Within groups             1348,28   3956      0,340 82
--------------------------------------------------- --------------------------
Total (Corr.)             1352,27   3958

Multiple Range Tests for IREPLECCION by SEXO

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
SEXO           Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
1              2209      1,82498           X 
0              150       1,86765           XX
2              1600      1,89027            X
--------------------------------------------------- -----------------------------
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In respect of the possible variations of the feeding activity over the course of
the year, significant differences (ANOVA p < 0.05) are found. The maximum activity
takes place in the months of Spring, and the minimum in Summer, in the month of
July. (Table 65 and Fig. 27). This pattern is common to males and females, therefore
the analysis has been carried out for the population as a whole.

Table 65. Monthly variation of the feeding activity of  E. encrasicholus

Fig. 27. Mean monthly values of the feeding activity of E. encrasicholus

Age of specimens

The method used to determine the age of specimens is the visual examination
of the otoliths extracted from the various specimens of the fish. The sizes (TL) by age
class determined from the analysis of their growth structures are shown in Table 66,
for the total population and for males and females separately. Table 67 gives the mean
sizes by age class for the total population obtained by the analysis of the frequency
distribution.

L1 L2 L3 L4

Multiple Range Tests for IREPLECCION by mes

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
mes            Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
7              478       1,38862           X    
8              497       1,72186            X   
12             497       1,72186            X   
6              498       1,73284            X   
10             500       1,73692            X   
9              498       1,96923             X  
4              496       2,15222              X 
5              495       2,38604               X
--------------------------------------------------- -----------------------------
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N 688 1101 357 31
Total Mean TL 121,04 127.620 134.02 140.63

Std. Dev. +/- 11.07 +/-9.87 +/- 9.49 +/-12.55

N 426 635 194 18
Males Mean TL 120.51 125.71 131.11 138.0

Std. Dev. +/- 10.38 +/-9.06 +/- 8.26 +/-10.91

N 232 449 160 13
Females Mean TL 124.16 130.72 137.56 144.58

Std. Dev +/- 10.40 +/-9.84 +/- 9.62 +/-13.28

Table 66. Mean sizes of each age class, for the total population and by sex, using the 
examination of the annual rings of the otoliths, in E. encrasicholus

L1 L2 L3 L4
N 684 1110 358 30

Total Mean TL 115.41 124.968 133.03 137.37
Std. Dev. +/- 14.56 +/-13.09 +/- 10.10 10.95

 Table 67. Mean sizes by age class for the total population, using the size distribution 
frequency, in E. encrasicholus

From the statistical data on the catches, in the age structure of the population,
the predominance of age class 2+ can be observed. These are specimens in their third
year of life, which represent more than 50% of the total (Table 68).

AGE % OF THE POPULATION  
(FREQUENCY DISTRIBUTION 

OF SIZES)

% OF THE POPULATION  
(READING OF OTOLITHS)

Age class 1: 19.79% 31.60%
Age class 2: 63.00% 50.57%
Age class 3: 14.84% 16.39 %
Age class 4 2.35% 1.42%

Table 68. Structure by age classes of the catches of E. encrasicholus in function of 
methodology used to determine age.

Variations in growth with age

There are significant differences in the values of the GSI of the males, in
function of age (ANOVA p < 0.05). The relative weight of the gonads increases with
age, with significant differences in the case of age class 4+ compared with the rest
(Table 69)
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Table 69.  Analysis of the variance of the GSI in function of age, in male specimens of 
E. encrasicholus.

In the case of females, the behavior of the development of the ovaries with age
is similar, with significant difference (ANOVA p < 0.05), although the oldest age class,
4+, does not present the highest mean values, having values slightly less than age
class 3+ (Table 70)

Table 70. Analysis of the variance of the GSI in function of age, in female specimens 
of E. encrasicholus

In respect of the feeding activity, the index of repletion also presents significant
differences with age (ANOVA, p < 0.05), but this decreases as age increases, in both
males (Table 71) and females (Table 72).

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups            23,8898      3      7,963 27       3,85       0,0092
Within groups             2621,93   1269      2,066 14
--------------------------------------------------- --------------------------
Total (Corr.)             2645,82   1272

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
EDADOTOLITOS   Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
1              427       3,35379           X 
2              635       3,49432           X 
3              193       3,49598           X 
4              18        4,46213            X
--------------------------------------------------- -----------------------------

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
EDADOTOLITOS   Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
1              232       3,03671           X 
2              450       3,0852            X 
4              12        3,32016           XX
3              160       3,42643            X
--------------------------------------------------- -----------------------------

                            Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Between groups            17,3421      3       5,78 07       2,82       0,0381
Within groups             1742,92    850       2,05 05
--------------------------------------------------- --------------------------
Total (Corr.)             1760,27    853
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Table 71. Variation with age of the index of repletion, in male specimens of E.  
encrasicholus.

Table 72. Variation with age of the index of repletion, in female specimens of E. 
encrasicholus

If the index of eviscerated weight (EW) is used for the calculation instead of the
total weight (TL), which takes the weight of the gonads into account, the feeding
activity also decreases with age, with the maximum found in age class 1+ and the
minimum in age class 4+.

Annual growth

The population studied does not correspond to the growth model proposed by
von Bertalanffy. The representation of the annual growth, expressed by the pairs Lt

and Lt+1 of the sizes calculated from the interpretation of the otoliths, both in the case
of the total population and of each sex separately (Fig. 28), reflects a linear growth with
very good fit, in accordance with the expression :

Lt+1.= a + b Lt

The parameters of these relationships, as well as their fit, are given in Table 73 

a b R2

Total population 6.05033 1.00376 99.978
Males -14.317 1.16018 99.652
Females 2.32351 1.03427 99.998

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
EDADOTOLITOS   Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
4              18        1,45884           X   
3              193       1,76944            X  
2              633       1,88918             X 
1              426       1,98627              X
--------------------------------------------------- -----------------------------

--------------------------------------------------- -----------------------------
Method: 95,0 percent LSD
EDADOTOLITOS   Count     Mean              Homogene ous Groups
--------------------------------------------------- -----------------------------
4              12        1,61974           X  
3              159       1,73341           X  
2              446       2,03166            X 
1              232       2,18863             X
--------------------------------------------------- -----------------------------
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Table 73. Parameters of the linear regression Lt - Lt+1  and their coefficient of 
determination, for the total population and for each sex separately, of E. encrasicholus

For the total population :

For males :

For females :
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Fig 28. The relationship Lt+1.-  Lt of the population  of E. encrasicholus, considering the 
overall total and each sex separately.
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THE GROWTH CURVES
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METHODOLOGY

In order to determine the TAC of E. encrasicholus and S. pilchardus by fleet,
models of production have been applied to the data on catches and fishing effort. The
basis of the overall production models is that the catches obtained are a function of the
fishing effort applied ; within the equilibrium equation, the catch corresponds to the
mortality as a result of fishing, and following this, is proportional to the fishing effort
applied.

F = h = q E
where

h is the catch and therefore the mortality through fishing
E is the effective fishing effort
q is a constant of proportionality, designated catchability.

In addition, the catch is a function of the existing population and of the fishing
effort :

h = f (P)

When the data on catch and fishing effort, in both species and in both
provinces or fleets, is applied, the fit of the data is better to the linear relationship
between C and E or U, than that calculated by means of a regression line, and an
expression of the following type is obtained :

bEa
E
h

U −==

thus applying the production model of Shaeffer.
This model allows the estimated catch for a given amount of fishing effort to be
calculated:

U+ E = Y = a E - b E 2 

hence if we know E we should be able to calculate the catches. 

This relationship between h and E corresponds to a parabola which passes
through the intercept and the axis of which is parallel to that of the ordinates. It is
symmetrical. This is what is termed the parabola of production and it enables the
calculation of the value of the maximum catch, which corresponds to a value of the Y
axis known as optimum f , the value of which is:

optimum E = E MSY = a / 2b

this being the value of the Maximum Sustainable Yield or catch, in other words, the
level of catch corresponding to an optimum value of fishing effort f.

For the determination of the maximum load or asymptotic Biomass, we apply
the methodology proposed by Schnute (1977). With ih being the mean catches
obtained during the period of time i and iE being the mean fishing effort applied
during this period of time, a model of production aims to correlate these variables such
that:

)( ii Efh =      
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This model assumes that the catches are not correlated in any way with the
previous history of the fishery. To avoid this premise, the previous equation may be
expressed as follows :

),,( 11 −−= iiii EhEgh      

which represents a dynamic and more realistic model.

The models of production (Schaefer, 1954; Fox, 1970) are usually expressed in
function of differential equations that can put into discrete form, like the previous
equation.

The model of Schaefer would remain as:

)(
)(

1)(
)(

th
K
tx

trx
dt

tdx −






 −=      

)(
)(
)(

tqx
tE
th =      

Three endogenous variables depending on time, related through three
parameters, are observed. These are summarised in the following chart:

Representation Name Unit of measurement
Variables )(tx

)(th
)(tE

Biomass
Catches (yield)
Effort

Kilos
Kilos/Month
Days of fishing/Month

Parameters r
K
Q

Intrinsic rate
Carrying capacity
Catchability

Month-1

Kilos
Days of fishing-1

Hence

)()(
)(

1)(
)(

tUtqE
qK

tU
trU

dt
tdU −







 −=      

When a discrete time series of catches and efforts is known, it is necessary to
put the previous differential equation into discrete form, and to transform it into an
equation in finite differences. Any integration of a continuous function gives rise to an
average value of that function between the extremes of the integration, such that :

∫
+

=
1

)(
n

nn dttFF

Therefore, the continuous function must be transformed into an average value.

)()(
)(

)(
1

tU
qK
r

tqEr
dt

tdU
tU

−−=

Carrying out the integration between the period of time n and the period of time
n+1 and remembering the formula of the logarithmic derivation, the following is
obtained :
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The data that are usually available are the cumulative catches and fishing effort
over a given period of time, not point data, i.e. nU symbolizes the catch per unit of
effort applied over the whole period of time between n and n+1, whereas the values

nU and 1+nU are instantaneous at the commencement of each period of time.
However, since this represents a ratio between two instantaneous values of U, it is
assumed that:

n

n

n

n

U

U

U

U 11 ++ ≅

i.e. that the relationship between the catch per unit of effort at the beginning of the
periods n+1 and n may be taken as the ratio between the measuremnts of catch per
unit of effort applied during the periods n+1 and n.

Assuming that these ratios are exactly equal:

nn
n

n U
qK
r

Eqr
U

U
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 +1ln

This equation will be the basis of our discrete model. Now it is possible to
perform a multiple linear regression introducing known values for catches and efforts,
to obtain the parameters of these, according to the expression :

cybxaz −−=

obtaining the three biological parameters of the model: r, q, K.

Thus the equation for the catch would be:

C =  q k E (1 - q E /r)

From this model the MSY (Maximum Sustained Yield) is calculated using the
expression :

4
Kr

MSY =

The optimum effort (E) is expressed as:

q
r

E o

2
=

For the determination of the TAC by the application of these models, the value
of E 2/3 is used, and from this the catch corresponding to this effort is calculated. This
catch will then correspond to the recommended TAC.

The application of a dynamic model of biomass that will determine the model
solutions as logistical or sigmoid curves, and that will permit the ranges over which the
parameters of the model can move to be calculated, requires the calculation of an
initial vector of biomass x0. For this, the algorithm of Gibbs is applied to the logistical
model. The application of this methodology to the data on catch and fishing effort
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obtained in this study has provided values of initial biomass with deviation values of
30% error, possibly due to the monthly character of the data.

Spanish  National Grounds 

Month Biomass of Sardine 
(kg)

Biomass of Anchovy (kg)

Jan 98 18718605,411 24981562,211
Feb 98 18110355,945 23769363,154
Mar 98 16934294,352 21990076,539
April 98 16515644,451 22284437,380
May 98 25491025,874 32545041,791
Jun 98 17842519,850 23200301,707
Jul 98 20628864,038 27385784,144
Aug 98 32466142,918 41814503,643
Sept 98 28353017,480 36669734,457
Oct 98 31681245,103 41210403,062
Nov 98 57520877,264 75443691,555
Dec 98 45039633,490 59887484,503
Jan 99 37603502,128 48958157,009
Feb 99 24435420,715 31974245,158
Mar 99 29482060,103 38572977,917
April 99 22951306,787 30525919,602
May 99 16069939,056 21390809,096
Jun 99 24290151,173 31521248,703
Jul 99 26145444,003 35038504,986
Aug 99 22681136,639 29627094,774
Sept 99 23334769,544 30866057,933
Oct 99 37129477,910 48210667,955
Nov 99 26982449,900 35611552,439
Dec 99 26153643,710 38271783,333

Coastal grounds of Huelva

Month Biomass of Sardine 
(kg)

Biomass of Anchovy 
(kg)

Jan 98 5457210,950 2315446,237
Feb 98 6706694,674 2882989,705
Mar 98 3963172,409 1705309,693
April 98 3865244,926 1662794,952
May 98 4753490,399 2037968,929
Jun 98 5509487,238 2365874,527
Jul 98 8576874,238 3681215,455
Aug 98 8587105,423 3694919,784
Sept 98 11448664,751 4898602,002
Oct 98 6782819,010 2901387,320
Nov 98 4854641,977 2077879,154
Dec 98 7961312,642 3458460,937
Jan  99 8470975,691 3605219,291
Feb 99 8095786,435 3452890,157
Mar 99 7186898,402 3002259,184
April 99 7652375,470 3270264,412
May 99 6321117,901 2737149,038
Jun 99 6583392,693 3007235,909

Cádiz:
Sardine (Tm): 26940,064 ± 9781,477
Anchovy (Tm): 35489,642 ± 12791,702
 
Huelva:
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Sardine (Tm): 6820,959 ± 1925,618
Anchovy (Tm): 2930,993 ± 823,33

Consequently, the deviations in the biological parameters will also be very
large. 

In view of this situation, we consider the determination of the parameters by
means of the methodology proposed to be more appropriate.  

SEASONALITY OF CATCHES

There are no significant differences (ANOVA p > 0.05) between the mean
catches by month, of S. pilchardus in Cádiz and Huelva, but these are found (ANOVA
p < 0.05) in the case of E. encrasicholus, the species caught in greater volume by the
fleet of  Cádiz (193.882 Kg/month) than by the Huelva fleet (14.440.1 Kg/month)

A clear seasonality is seen in the monthly catches of anchovy in Cadiz as
indicated by the classification analysis (Fig 1), with a grouping of the months by
seasons, separated in two groups: one of summer and winter, the other of spring and
autumn.

Fig. 1.-  Classification analysis of the catches by month of E. encrasicholus in Cádiz

This same seasonal pattern is clearly seen after the application of a factorial
analysis to the data of monthly catches.
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Fig. 2.- Factorial analysis of the monthly catches of E. encrasicholus in Cadiz

The seasonality of anchovy catches in the port of Cádiz is determined not only
by the seasonality of abundance of catches but also the periods of time in which the
fleet is actively fishing in the various fishing grounds. The seasonality observed is not
as marked as in the case of anchovy catches in Huelva, for which the factorial analysis
indicates the existence of only two groupings (Fig. 3) : the months from September to
December in one and the rest of the months in the other. This grouping depends
exclusively on the abundance of catches.

Fig 3. Factorial analysis of the monthly catches of anchovy in Huelva.

The seasonal pattern found for anchovy is not as evident in the case of sardine,
particularly in Cádiz. This is shown by the factorial analysis carried out on the monthly
catches of this species (Fig 4)
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Fig. 4. Factorial analysis of the monthly catches of S. pilchardus by the fleet of Cadiz

In the case of Huelva, the monthly catches of sardine show a very similar
behavior to that of anchovy, the differences depending also more on the abundance of
the catches than on any external factor (Fig 5).

Fig 5. Factorial analysis of the monthly catches of S. pilchardus by the fleet of Huelva.

OBTAINING THE GROWTH CURVES

SPAIN

The relationship between the CPUE and the fishing effort fits the model of
Schaefer better in all cases, applying both the traditional linear model and the model in
discrete form. The parameters of the multiple regression model for E. encrasicholus
and S. pilchardus in Huelva are shown in Tables 2 and 3 respectively, and the
parameters for the two species in Cádiz in Tables 4 and 5. A very good fit can be seen
in all the models. Table 1 shows a summary of the parameters of the models for the
two species and fleets.
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R K q
E. encrasicholus 0.741983 3386.638 Tm 1.59472·10-4

Huelva
S. pilchardus 0.513641 10067.74 Tm 6.84676·10-5

E. encrasicholus 0.639741 57384.589 Tm. 1.21107·10-4

Cádiz
S. pilchardus 0.473398 34968.95 Tm 1.59321·10-4

Table 1. Parameters of the growth model of the two species for each port.

The values of the intrinsic rate of growth r are higher for both fleets in respect
of anchovy compared with sardine, as would be expected based on their biological
characteristics ; and for both species are higher for the Huelva fleet, lying in a range
consistent with other results reported in the literature. In respect of the catchability, the
ranges of values are also consistent, somewhat lower in the case of S. pilchardus in
Huelva. In respect of the values of K, the maximum asymptotic biomass without
exploitation (with no fishing), the values found in this study are lower than the
reference values in the bibliography for E. encrasicholus in Huelva (García del Hoyo,
1997), although one should take into account that the real catches in the years
covered by this study are similar to those of the years of lower catches of the historical
series on which the study of García del Hoyo was based.

Table 2. Parameters of the multiple regression and coefficients of determination for
 E. encrasicholus in Huelva

Multiple Regression Analysis
--------------------------------------------------- --------------------------
Dependent variable: ln razón CPUE
--------------------------------------------------- --------------------------
                                       Standard          T
Parameter               Estimate         Error       Statistic        P-Value
--------------------------------------------------- --------------------------
CONSTANT                0,741983       0,213188        3,48041         0,0059
EBoquerón            -0,00191367     0,00104226       -1,83608         0,0962
CPUE                 -0,00137385    0,000342202       -4,01474         0,0025
--------------------------------------------------- --------------------------

                           Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Model                    0,332933      2     0,1664 66       8,18       0,0079
Residual                 0,203517     10    0,02035 17
--------------------------------------------------- --------------------------
Total (Corr.)             0,53645     12

R-squared = 62,0623 percent
R-squared (adjusted for d.f.) = 54,4747 percent
Standard Error of Est. = 0,142659
Mean absolute error = 0,103253
Durbin-Watson statistic = 2,02144
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Table 3.  Parameters of multiple regression and coefficients of determination for
S. pilchardus in Huelva

Table 4. Parameters of multiple regression and  coefficients of determination for
 E. encrasicholus in Cádiz

Multiple Regression Analysis
--------------------------------------------------- --------------------------
Dependent variable: ln razón CPUE
--------------------------------------------------- --------------------------
                                       Standard          T
Parameter               Estimate         Error       Statistic        P-Value
--------------------------------------------------- --------------------------
CONSTANT                0,513641       0,149042        3,44628         0,0063
ESardina            -0,000821611    0,000488743       -1,68107         0,1237
CPUE                -0,000745175    0,000333539       -2,23415         0,0495
--------------------------------------------------- --------------------------

                           Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Model                    0,324282      2     0,1621 41       7,64       0,0097
Residual                 0,212168     10    0,02121 68
--------------------------------------------------- --------------------------
Total (Corr.)             0,53645     12

R-squared = 60,4496 percent
R-squared (adjusted for d.f.) = 52,5396 percent
Standard Error of Est. = 0,14566
Mean absolute error = 0,101135
Durbin-Watson statistic = 2,42697

Multiple Regression Analysis
--------------------------------------------------- --------------------------
Dependent variable: ln razón CPUE
--------------------------------------------------- --------------------------
                                       Standard          T
Parameter               Estimate         Error       Statistic        P-Value
--------------------------------------------------- --------------------------
CONSTANT                0,639741       0,217694        2,93871         0,0108
EBoquerón            -0,00145329     0,00100017       -1,45304         0,1683
CPUE                -0,000092053   0,0000316033       -2,91276         0,0114
--------------------------------------------------- --------------------------

                           Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Model                    0,416005      2     0,2080 03       4,61       0,0289
Residual                 0,631216     14    0,04508 69
--------------------------------------------------- --------------------------
Total (Corr.)             1,04722     16

R-squared = 39,7247 percent
R-squared (adjusted for d.f.) = 31,1139 percent
Standard Error of Est. = 0,212337
Mean absolute error = 0,159627
Durbin-Watson statistic = 2,09919
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Table 5. Parameters of multiple regression and coefficients of determination for
 S. pilchardus in Cádiz

The linear regressions that relate U with E, and their coefficient of correlation,
for the two species and two fleets studied, are the following:

HUELVA
For S. pilchardus:
C / f = 582.876 – 0.870655 f
r = -0.534104 (p = 0.0601)

For E. encrasicholus
C / f = 177.906 – 0.207733 f
r = 0.56891 (p = 0.0861)

CADIZ:  
For E. encrasicholus
C / f = 5098.63 – 14.9985 f
r = -0.562331 (p < 0.0455)

For S. pilchardus
C / f = 3344.997 – 9.08058 f
r -.0.478098 (p < 0.05)

Multiple Regression Analysis
--------------------------------------------------- --------------------------
Dependent variable: ln razón CPUE
--------------------------------------------------- --------------------------
                                       Standard          T
Parameter               Estimate         Error       Statistic        P-Value
--------------------------------------------------- --------------------------
CONSTANT                0,473398       0,116265        4,07171         0,0009
ESardina             -0,00191186     0,00103387       -1,84923         0,0830
CPUE               -0,0000849709   0,0000240213       -3,53732         0,0027
--------------------------------------------------- --------------------------

                           Analysis of Variance
--------------------------------------------------- --------------------------
Source             Sum of Squares     Df  Mean Squa re    F-Ratio      P-Value
--------------------------------------------------- --------------------------
Model                    0,573758      2     0,2868 79       9,51       0,0019
Residual                 0,482483     16    0,03015 52
--------------------------------------------------- --------------------------
Total (Corr.)             1,05624     18

R-squared = 54,3208 percent
R-squared (adjusted for d.f.) = 48,6109 percent
Standard Error of Est. = 0,173652
Mean absolute error = 0,137607
Durbin-Watson statistic = 2,5436
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PORTUGAL

The 30 boats selected for study, over the years 1997, 1998 and 1999, are
taken as a single cost structure, and it is assumed that this “unit of production” is
dedicated exclusively to catching sardine (i.e. the very small ancillary catches of other
pelagic species such as anchovy and mackerel, are ignored). It must be emphasised
that the effort of these fishing boats is dedicated exclusively to catching sardine :
catches ot other species are incidental to this activity. 

Table 6 gives the data for the catch and effort of the boats operating under the
2 Organisations of Producers (Barlapescas and Coopalgarvia, respectively) and in total
for the Algarve region.

Table 6.- Data for the catch and effort of the boats operating under the 2 
Organizations of Producers and in total for the Algarve region 

After a preliminary analysis of the data, the observations corresponding to the 3
months of January 1997, December 1997 and February 1998 were elinated ; the
reason for this was that due to bad weather, several boat owners took their boats out
of service for repairs ; hence the number of days/boat of fishing activity was
abnormally low for these months compared with normal months.

109



The MRA conducted using the rest of the monthly observations showed that the
constant a and the parameter c of the regression are significant (t test : p<0.05),
whereas CPUE is not significant to the same level of confidence. (Table 7)

Multiple Regresion Analysis
Dependent variable: LNRCPUE
Parameter Estimate Estándar 

Error
T

Statistic
P-Value

CONSTANT 0.638 0.312 2.004 0.050
E -0.000363 0.001 -0.423 0.675
CPUE -0.000125 0.000 -2.709 0.011

Analysis of Variance

Source Sum of 
Squares

Df Mean Square F-Ratio P-Value

Model 0.638 2 0.319 3.929 0.031
Residual 2.354 29 0.08117
Total 

(Corr)

2.992 31

R-squared= 21.3
R-squared (adjusted for d.f) = 15.9
Estándar Error of Est. = 0.2849

Table 7.- Parameters of multiple regression and coefficients of determination

In respect of the fit of the model , the value of the coefficient of determination
(R2 = 0.213) is not satisfactory, but the overall fit of the regression is significant (t test :
p = 0.031)

It may be concluded that, in spite of the reduced number of observations and
although one of the variables does not reach significance, the overall model does show
a fit. However, it is recommended that the conclusions should always be treated as
only relative.

With these values for the coefficients of the model, the following are
determined : r= 0.638 (rate of growth), q = 3.025 10-5 (coefficient of catchability), and K
= 168,727.723 Tm (capacity of load or maximum biomass)

The high growth rates and levels of maximum biomass for sardine in this region
may be explained by the relative lack of competition, when fishing is carried out, from
other small pelagics, especially anchovy. However it is important to relate these results
to the samples taken.
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DETERMINATION OF THE MSY AND OF THE TAC 

The values of f MSY, the annual MSY, the real or actual catch of the fleet of Cadiz and
Huelva , together with those of f 2/3, and the TAC, determined from the two types of
model used, are given in Table 8. On this point, it should be stated that the differences
between the purse seine fleets of Cádiz and Huelva in respect of engine power and
capacity, together with the use of the number of days of fishing as the measure of
fishing effort for determining the production models, have made it essential to treat the
activity of each fleet separately. Therefore the designated TACs are determined
independently (although we asume that it would be better to use an alternative
terminology, such as “maximum catch quota”).

CADIZ HUELVA
E MSY linear 170.56 days/month 314.64 days/ month
E MSY discrete 123.83 days/month 312.58 days/ month
MSY linear 3696.51 Tm 1170.65 Tm
MSY discrete 4138.60 Tm 1292.80 Tm
E 2/3, linear 113.7 days/month 223.15 days/ month

S. pilchardus E 2/3, discrete 82.55 days /month 208.38 days/ month
TAC linear 3155.19 Tm 1040.56 Tm
TAC discrete 3679.12 Tm 1149.16 Tm
CT 98 2075.267 Tm 1546.67 Tm
CT 99 3999.485 Tm

E MSY 169.97 days/month 428.21 days /month
E MSY discrete 220.08 days /month 193.83 days/month
MSY linear 5199.72 Tm 457.08 Tm
MSY discrete 9177.80 Tm 628.21 Tm
E 2/3, linear 113,7 days/month 285.47 days /month

E. encrasicholus E 2/3, discrete 97.81 days /month 129.22 days/month
TAC linear 4621.89 Tm 406.29 Tm
TAC discrete 8157.72 Tm 558.36 Tm
CT 98 6671.23 Tm 433.202 Tm
CT 99 4596.64 Tm

Table 8. Values of E MSY, the annual MSY, the real catch of the fleet ; and of f 2/3, and 
the TAC, determined from the  two types of model used.

In their practical application, both models give fairly similar values, with those
from the multiple regression always being higher, except for the TAC values for E.
ecrasicholus in Cadiz, for which significantly higher values are obtained from the model
in discrete form, although these are lower than the real catches of this species
obtained in 1998.

From these results, the inter-relationship between the two pelagic species in the
case of the Cádiz fleet can be observed. The priority target species for this fleet is the
anchovy, catches of which in 1998 exceed the TAC recommended in this report. In the
case of the Huelva fleet, the need to reduce the fishing effort can be observed, since
some over-exploitation is detected, particularly of sardine.
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The dependence of the exploitation of sardine on catches of anchovy is a factor
that should be taken into account in the regulation of this species. The sardine is not
currently subject to a TAC but is in a condition of slight over-exploitation in the zone.
To this fact must be added the large volume of catches of specimens of age class 1+
in the landings at Cádiz, which could make the stock even more vulnerable to future
over-exploitation.

In the case of the anchovy, the study of its biology has also demonstrated a
substantial volume of catches of age class 1+, which implies similar risks to those
referred to for the sardine. When we also consider that there exists an element of
illegal fishing in the mouth of the river Guadalquivir, an important zone of recruitment,
the risks of over-exploitation are further increased. From the biological aspect, joint
conservation and monitoring measures are recommended for both fisheries together,
given this demonstrated inter-relationship. 

The characteristics of exploitation of these small pelagics in the zone lead us to
propose that, within the overall management measures, the combined fishing effort
should be regulated, in addition to control by TAC, in order to prevent these purse
seine net fleets swinging more towards the sardine, in the face of the regulation of the
anchovy.
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ESTIMATION OF THE  ECONOMIC PARAMETERS 
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SPAIN

This part of our study provided as explanation of the methodology used for the
estimation of the economic parameters of the model.

The following are the parameters estimated :

• Total cost per unit of effort (or variable cost) : c (euros/day of fishing
activity). 

• Total fixed cost :  FC  (euros/year). 
• Total costs as a percentage of total sales revenue : v  (%). 
• VAT, tax on value added : u (%).   
• Parameters of the demand function (linear) : 

• Intercept,  a 
• Slope,  b  

ESTIMATION OF THE COST PARAMETERS PER UNIT OF EFFORT : 

VARIABLE COSTS

From the characterisation of the purse seine net fleet which fishes in the Gulf of
Cádiz, undertaken in the preceding chapters, for this zone of study, it could be
considered that there are two perfectly differentiated fleets working two distinct fishing
grounds.

• Fleet of Cádiz : 
As previously described, the Cádiz fleet consists of 36 large boats (with an
average of 49.56 mt and 21.8 crew members) of which 30 are based on the
port of Barbate. These boats were designed to work the Atlantic fishing
grounds that are now Moroccan national waters. They have been licensed
temporarily by the Moroccan government to work these grounds, until the end
of 1999, and for this activity they operated out of Barbate. 

In the past, when they were without licenses to work Moroccan waters, they
used to work the Spanish national grounds, with fishing trips of one day, out of
the port of Cádiz.

This fleet is currently suffering the effects of the lack of renewal of the
agreement with Morocco, and is tied up in port, supported financially by
substantial government subsidies and assistance.

• Fleet of Huelva. 
This fleet consists of 31 smaller boats (with an average of 15.88 mt and 7.2
crew members), most of which are based at the port of Punta Umbria.

The bio-economic model that will be used incorporates one single function of
cost dependent on the effort, for the total fleet considered in the study. If all the boats
of both fleets were identical, it would be sufficient to calculate the cost per unit of effort
for one of the boats and then multiply this by the total effort.
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In this case the boats are multi-purpose, which makes it necessary to estimate
an average or generalised cost function that is as representative as possible of the real
situation of the existing fleet and that will also be representative for future projections.

The following is the procedure adopted to estimate the coefficient of cost per unit
of effort for each of the fleets :

1. A sampling was made of some 20% of the boats of each fleet, selecting by
means of clusters the most heterogeneous possible examples, taking the engine
power in HP as the factor of significance (Tables 1 and 2).

2. A survey was conducted of the owners or captains of these boats, in which
they were asked about the various cost items making up the cost per unit of effort.
(Chart 1). 

3. The coefficient of each fleet was estimated from the average of the
coefficients of the boats sampled, weighted by their respective engine power. 

4. Lastly, the values thus obtained were checked against the replies given by
the respective Master Captains or Presidents (patrones mayores) of the Cofradias of
Fishermen of Barbate and Punta Umbria and even Insurance Companies and
Shipyards. These had been asked to provide their estimates of the average values for
their fleets, by means of a questionnaire (Chart 2). 

Boat Power (HP)

NUEVO PEPITA AURORA 270
CALA 286
MANOLO CID 350
CABO DE ORO 402
TORRE ROMERAL 402
NAUTILUS 500
REGLA MARIA 624

Table 1. Sample of boats selected from the Cádiz fleet.

Boat Power (HP)

CARMEN PATRÓN   80
MI ILUSIÓN 114
HERMANOS REYES 160
MADRE AURORA 182
TRIGO 200

Table 2. Sample of boats selected from the Huelva fleet.
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Please give the cost per day of fishing incurred by your boat, under the
following headings :

Fuel                                                      
Social security                                                       
Boxes or bowls                                                      
Ice                                                               
Provisions                                                     
Other  (specify)                                                     

Please also give the annual amount of costs incurred by your boat, under the following
headings :

Insurance                                                     
Licence                                                     
Lay-ups                                                     
Repairs                                                      
Replacement of fishing gear                                                     

If this boat were bought new today, what do you estimate it would cost ?
How many years in total do you think a boat like this would last ?
At the end of its useful life, what would be its scrap value ?

Chart 1. Part of questionnaire used in survey of owners or captains of boats.

Please give the cost per day of fishing IN AVERAGE TERMS for a purse seine boat of
the fleet of this port, under the following headings :

Fuel                                                              
Social security                                                     
Boxes or bowls                                                     
Ice                                                                         
Fresh water                                                               
Provisions                                                     
Other  (specify)                                                      

Please also give the annual amount of costs incurred by such an average boat, under
the following headings :

Insurance _________________________
Licence _________________________
Lay-ups _________________________
Repairs  _________________________
Replacement of gear _________________________ 

Chart 2 :  Questionnaire used in survey of Master Captains of the Cofradias of 
Fishermen.

In order to determine a demand curve, the price and catch data were fitted to a
linear demand function, such that :

bhap −=

115



From the results of the surveys and of other parallel enquiries, together with the
specific replies to the questions formulated, a substantial volume of information was
gathered. The more relevant information for the purposes of this study is summarised
in continuation.

Estimation of variable costs

• Fuel used : All the boats of these fleets use diesel fuel, the price of which is
subsidised by the Ministry of Agriculture and Fisheries. The current purchase
price is 0.15 euros/litre. Over recent months, as a result of the increases in
petroleum prices and the fall of the euro against the dollar, this price has risen
at times as high as 0.20 euros/litro, i.e.33% above the present level .

• Social security : Those who work at sea are covered by a special regime of the
Social Security. For the case of the fishermen on the boats studied here, this
item represents a cost per day of fishing of 6 euros per worker.

• Containers : These are open boxes or bowls/tubs used to transport the fish.
There is a notable operating difference between the two fleets : the Cádiz fleet
uses light wooden cases, orthohedric in shape and of 15 litres capacity, which
are disposable. These are supplied by the OPP. In Huelva they use cylindrical
plastic bowls or tubs, of 50 litres capacity, which are re-usable many times, and
allow the fish to be conserved in water, as well as in ice and salt. For present
purposes however both represent a zero cost to the boat : in Cadiz, their cost is
included in the quota payable to the Cofradia/OPP, whereas in Huelva, only the
amortisation needs to be considered, which is negligible in terms of cost per
day.

• Ice : This is used to conserve the fish caught and, given the nature of the
product, must be purchased each working day before the boat sails. Quantities
used vary with the catch but any surplus is usually disposed of overboard. Each
boat takes aboard a fixed quantity each day, at a price of 54 euros/mt.

• Provisions : This heading covers the costs of food for the crew of the boat while
working on board. As each fleet works grounds that are relatively close to port,
the fishing trip each day takes than 12 hours, so that only one meal per day is
required. The larger boats of the Cádiz fleet carry a cook and the cost of each
meal is 3 euros. In the smaller boats of the Huelva fleet, the custom is to take
pre-cooked meals provided by the Cofradia and the cost of these is included in
the quota.

• Other costs : The rest of the costs applicable to the fishing effort are diverse
but do not represent significant amounts. Fresh water, miscellaneous stores for
minor replacements, items for the first aid locker on board, etc.

The estimation of the parameters of cost per unit of effort, for each fleet, are given
in Table 3.

Fleet of Cádiz
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Item Consumption Unit price Total amount per 
boat

Fuel 1400 litres/day 0,15 euros/litre 210 euros/day
Social Security 22 crew members 7.3 euros/member/day 160.5 euros/day
Containers       - supplied by OPP None
Ice 1.5 mt./day 45 euros/mt. 67.5 euros/day
Provisions 22 crew members 3 euros/meal 66 euros/day
TOTAL 504 euros/day

  
Fleet of Huelva

Item Consumption Unit price Total amount per 
boat

Fuel 270 litres/day 0.15 euros/litre 40.8 euros/day 
Social Security 7 crew members 7.3 euros/member/day 51.1 euros/day
Containers      -      Negligible Negligible
Ice 0.4 mt./day 45 euros/mt. 18 euros/day 
Provisions 7 crew members incl. In Cofradia quota None
TOTAL 110 euros/day

Table 3. Parameters of cost per unit of effort, for each fleet

ESTIMATION OF FIXED COST 

These are the costs incurred that are independent of the number of days fishing
done each year (fishing effort applied) and were estimated from the replies to the
questions put to the captains or owners (see Chartg. 1), and confirmed as correct by
the Master Captains of the Cofradias (see Chart. 2). The amounts corresponding to
each fleet are given in Table 4.

The cost of insurance, which covers 100% of the value of the boat in case of loss,
is by the most significant item, accounting for 47% of the total for the Cádiz fleet and
59% for the Huelva fleet. The annual amortisation cost is calculated by dividing the
difference between the value of the boat new and its final scrap value, by the number
of years of useful life.

The surveys have also provided information to calculate the average net profit to
the owner, by fleet, since the owner carries all the fixed costs This is arrived at by
deducting this total fixed cost from the owner’s share or “parte” of the “monte mayor”,
on an annual basis.

The following are comments on each item or heading of fixed cost, on the basis of
the replies to the survey conducted. 

• Amortisation of the boat: The fishing boat is the basic tool of this sector. The
purchase price of a new boat of this type ranges from about 150,000 euros, for an
average boat of the type used by the Huelva fleet, to about 450,000 euros for the
average type of boat used by the Cádiz fleet. According to the owners interviewed,
the average working life of such a boat is some 40 years, which can be taken as
equivalent to a cost per year of about 3750 euros for the Huelva fleet and 11,250
euros for the Cádiz fleet. However, in the case of Huelva, subsidies have usually
covered up to 100% of the total cost of a boat, therefore for the purposes of our
calculations, this item has been taken as zero for the Huelva fleet.

• Insurance of the boat: From the interviews with owners, this insurance (for the
boat, not the lives of the crew) is the largest single cost item involved in maintaining
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a boat operational. On average, the boat owners of the Huelva fleet have to pay a
monthly premium per boat of 150,000 pesetas, equivalent to an annual cost of
10,500 euros ; for the Cádiz fleet, this figure is 36,100 euros. The insurance covers
100% of the value of the boat in case of loss at sea. 

• Repairs: This cost can vary substantially. In the case of the Cádiz fleet, owners
usually put their boats into dry dock for repairs and maintenance, timed to coincide
with the months of the biological cessation of fishing (“parada biológica”) agreed
with Morocco. The boats of the Huelva fleet are repaired as and when necessary.
Such repairs do not usually take more than a month and are carried out in the
shipyards of the home port of the boat. During this period of time, the crew usually
take their holidays. It is normal for a boat to undergo one general repair each year,
which involves an average cost of 3,500 euros for the Huelva fleet and 9,000 euros
for the Cádiz fleet. 

• Replacement of fishing gear: As already described, the purse seine net is a
complicated structure consisting of different types of panels and lines of floats and
weights, of considerable size. The purchase price of a new net complete is around
85,000 euros, a significant sum in comparison with the cost of the boat. Therefore,
the owner always prefers to repair rather than replace, if possible. For such repairs,
there must be available a team of netmakers (rederos) and suppliers of the
required materials, tools, etc. (ships chandlers) in the home ports. The average
amounts spent per year on net repairs by the owners surveyed is relatively high :
2,100 euros for the Huelva fleet and 16,200 euros for the Cádiz fleet. In the case of
Huelva, the netmaker is also a crew member and his remuneration is derived from
the distribution of the “parte”. For this reason, the boat owner in Huelva only pays
for the materials required, not the labour, under this heading, this accounting for
part of the very large difference in cost between the two fleets.

Fleet of Cádiz (36 boats)

Item Cost per boat (euros/year) Total for fleet (euros/year)
Insurance of boat 36.100 1.299.600 
Amortisation 11.250 405.000 
Lay-ups for repairs 9.000 324.000 
Repair/replacement of gear 16.200 583.200 
Quota to OPP 5.000 180.000 
TOTAL 77.550 2.791.800 

Fleet of Huelva (31 boats)

Item Cost per boat (euros/year) Total for fleet (euros/year)
Insurance of boat 10.500 325.500
Amortisation Subsidised 0 
Lay-ups for repairs 3.500 108.500 
Repair/replacement of gear 2.100 65.100 
TOTAL 16.100 499.100 

Table 4. Estimated fixed costs (i.e. costs incurred independently of the number of 
days fishing per year), for the purse seine fleets of Cádiz and Huelva.

OTHER COSTS PROPORTIONATE TO SALES REVENUE (%). 
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This section covers a series of costs which must be incurred, which are not
dependent on the fishing effort applied but rather represent a percentage of the sales
by value or gross revenue generated.

The gross revenue is defined as phR = , where h are the catches (in kg) and p
is the price (per kg) obtained at the auction. The costs that are proportionate to this
value are the following:

• Quota payable to the Cofradía or association of fishermen, in return for
services provided to the boat owners. 

• Fish market commission, payable as a percentage to the market authority,
for the right to sell by auction the catches landed. 

The costs applicable under each heading, for each fleet, are as follows :

• Quota to Cofradía: For the Huelva fleet, the quota is 2 %, which must be
subtracted from the gross revenue before its division. For the Cádiz fleet,
this item is converted into a fixed cost ( as has already been referred to in
the corresponding section) of 421 euros per month, per boat. This is paid
directly by the owner.

• Market commission : For the Cádiz fleet, 4 % is payable (2 % for landing
catches and 2 % for the auction). For the Huelva fleet, 2 % is payable for
the auction. These amounts are deducted from the gross revenue.

VALUE ADDED TAX (VAT) 

This is the basic indirect tax on almost all goods and services sold, applicable in
modern fiscal systems. It is designed as a transferable tax paid by the purchaser, at
every stage of the chain from raw material to final purchase by the consumer. The
seller at each stage collects the tax, which is later liquidated to the authorities as the
balance between tax paid and tax received.

The rate of tax is 7 % of the invoiced value (which is the result of multiplying the
quantity by the price)., and this amount is then added to the value, to obtain the total
inclusive amount to be paid by the purchaser.

 
In the cases of both Cádiz and Huelva, it is customary for the owner to perform

the liquidation and pay the balance of VAT due, to the Spanish Hacienda Pública, in
respect of the financial results of the fishing activity. To determine the net profit of the
owner, both the fixed costs incurred and the liquidation of the VAT account for a
specific period must be deducted from the owner’s share of the “monte mayor”.

ESTIMATION OF THE DEMAND FUNCTION. 

The table 5 summarises the evolution of catches and prices of anchovy and
sardine for the whole South Atlantic littoral zone of Spain, excluding those of Barbate
where the majority of catches landed are from the Moroccan fishing grounds.

Year Anchovy 
Total catch 

(kilos)

Anchovy
Average price 

(euros/kg)

Sardine
Total catch 

(kilos)

Sardine
Average price 

(euros/kg)
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1985 8,654,358 2,56031 5,938,037 0,51963
1986 4,272,700 2,81607 5,457,700 0,59344
1987 4,642,806 3,57459 8,909,581 0,50756
1988 3,747,164 3,60058 5,504,252 0,32741
1989 3,691,366 3,28587 4,943,044 0,39432
1990 4,386,939 3,46675 8,094,979 0,46702
1991 5,625,405 2,65319 5,878,109 0,54031
1992 3,308,255 3,16309 4,462,404 0,51018
1993 2,200,805 2,73286 5,156,649 0,44912
1994 3,380,201 2,43591 2,379,682 0,53494
1995
1996
1997 4,412,802 2,19306 5,715,616 0,76296
1998 7,450,310 1,42938 3,782,862 0,94721

Table 5.- Evolution of catches and prices of anchovy and sardine for the whole South 
Atlantic littoral zone of Spain

The variations in price are very sharp, particularly in the case of anchovy, with a
steep decline in recent years ; this trend began to be seen in 1991. In the case of
sardine, the price has increased notably in the last two years. As can be observed in
more detail in the landing reports, at certain times, sardine have commanded a higher
price than anchovy.

For our study of this sector, an explanation of this variability is required. Testing
for possible price variations between one fish market and another can be discounted,
since the concentration of purchasing power in the channels of distribution does not
permit a wide variation in prices at any specific time, for either of the two species.

Furthermore, the information possessed by the purchasers (the exporters)
before an auction starts is vast. They have available the data on prices and landings
from day to day at any port in the entire country, and know the prices quoted for any
fish product in the national network of markets of Grandes Mercados Nacionales
(MERCASA).

Hence it is concluded that the price must be influenced principally by the
demand that exists in the market each day. Therefore, the next objective we set
ourselves was to find a relationship between the landings of both species and the
price. i.e. we looked for a demand curve.

Specifically, the task was to fit the data of prices and catches to a function of
linear demand, such that:

bhap −=
To obtain a linear correlation between the catches made and the prices which

these particular catches reached in the market, the following linear regressions were
performed 

• Anchovy:

By means of this analysis, it can be observed that there exists a moderately
close relationship between the two variables, since the coefficient of correlation is:
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r = -0.471928 (p-value = 0.1214)

This model explaining more than 22% of the variability of the price of anchovy (Figure
1) .

The regression line obtained is:

(panch = 3605.96 - 0.160875 hanch )

Hence it can be concluded that the price of anchovy is conditioned in a general way by 
the volume of catches landed.

For our mathematical model, we then take:
a anch = 3605.96
b anch = - 0.160875

Fig 1.- . Linear regression between the volume of catch landed and the price, for 
anchovy

• Sardine:

At first glance, a negative correlation is observed between the volume of catch
landed and the price, for sardine (Figure 2). However, the fit is not very good, since 

r=-0.260160 (p-value=0.4141).

Therefore, we conclude that the price of sardine is not conditioned by the
volume of catch landed. In this situation, the task is to find a possible solution that
would explain the variations found in the price of sardine
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Fig 2.- . Linear regression between the volume of catch landed and the price, for 
sardine

• CORRELATION BETWEEN SARDINE AND ANCHOVY:

The shape of the graph of the evolution of prices leads one to think that there
may be an inverse correlation between the prices of the two species. This was then
tested by doing an analysis for a possible dependence of the price of sardine on that of
anchovy.

The figure 3 confirms what was expected : when the price of anchovy
increases, that of sardine decreases. Moreover, the correlation is fairly strong, since
the coefficient of correlation found is:

r=-0.865690 (p-value=0.0030),

indicating that the model explains more than 74.94% of the variability of the sardine
price. This relationship is given by the following line :

p sard = 1166.05 - 0.24746 p anch

García del Hoyo (1989) had found relatively elastic behaviour for the price of
anchovy and of mackerel, by both linear and logarithmic estimation, while not finding
any level of significance between the data on catches and prices of sardine (as in our
case).
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Fig. 3.- Linear regression between the price of sardine and anchovy

As the survey of boat owners revealed, the sardine is not the primary objective
of this sector. At those times when the demand for anchovy falls, that of sardine
increases and therefore, the price of sardine is conditioned by that of anchovy, in
accordance with the following relationship :

p sard = 0.340188 + 0.0443197 h anch

with a coefficient of significance of 23.70%.
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PORTUGAL

As in the case of Spain, the parameters to be determined are:

1. Fixed cost (FC). euros/year.
2. Variable cost (VC), cost per unit of effort (c). euros/day of fishing activity.
3. Costs as a percentage of sales revenue (v). %
4. IVA (u). %
5. Parameters of the demand function ( bhap −= ).

For the determination of items 1, 2 and 3, we make use of the results of the
interviews conducted with the owners or masters of 39 of the total boats selected for
study. From these interviews we were able not only to compile the required quantitative
information on the cost structure of the boats, but also to learn of other relevant
aspects which contributed to the process of selecting the most relevant boats for
inclusion in this study.

We were able to check the average values obtained through the interviews with
other knowledgeable persons involved in the sector : shipyard personnel, insurance
providers, trade union officials, ice factory and fish market staff, etc., In some of the
interviews, it was possible to detect a “strategic” behaviour, in the over-statement of
certain cost elements.

The list of boats of which owner or master were interviewed, for each OP and the
smaller “rapa” type, is given below :

Barlapescas: Arrifana, Aventureiro, Farilhão, Mário Luis, Pérola de Sagres,
Pesquisador, Portugal Primeiro, Praia de Arrifana, Princesa do Guadiana,
Proa ao Mar, Tentativa Feliz and Virgem te Guie.

Coopalgarvia: Pérola Algarvia, Santa Elisa.
Rapas: Ano de Cristo, Augusta de Sousa, Bela Harmona, Boateca, Carlos Jorge,

Costa do Sul, Danúbio, Fada de Sagres, Hilário, Lazarela, Linda Estrela,
Menina Vanessa, Nova Amélia, Nova Pantera, Nova Salema, Nove Primos, Os
Cinco Irmãos, Rio Odiel, Sagrado Seja, Sanguim, São João Batista, Selma,
Sueste.

For the information on item 4, the Government Tax Authority and complementary
legislation on the VAT were consulted.

For item 5, information was provided by the DGPA on the volume and value of daily
landings of sardine catches, obtaining monthly and annual averages for both weights
and sales values.

VARIABLE COSTS.

The average values were obtained for the fleets of both OP’s but we elected to
produce a single cost structure by combining the two weighted values. Generally,
greater weight was given to the costs of the Barlapescas fleet since it has more boats
and the greater volume of catches landed. It is notable that there is a significant
difference in the number of crew members per boat between the two fleets,
established in two different labour contracts : the Barlapescas contract stipulates 14
crew members, whereas the Coopalgarvia contract sets the total at 17 crew members.

This difference in number of crew per boat is related not only to the different
traditions of this activity in Portimão and in Olhão, but it also reflects the greater
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number of re-converted boats in the fleet of Barlapescas, representing an investment
that enables higher productivity to be achieved.(in terms of catch per employee)

Although relatively many interview were conducted in respect of the “rapas”, at
the stage of allocating the costs, these were not taken into account, since these boats
do not represent a significant proportion of the region’s total sardine catch.

On the basis of all the foregoing, the variable costs determined for the fleet of
the Algarve region are summarised in the table 6:

Item Consumption Cost per unit Variable cost/day of 
fishing (euros)

Diesel Fuel 375 litres/day 0.2 euros/litre 75 
Lubricants 1.5 litres/day 3 euros/litre 4.5
Social Security 14 crew members 23.75% of earnings 160.5 
Provisions 14 crew members 5 euros/man/day 70 
Total 310 

Table 6.- Variable costs determined for the fleet of the Algarve region

FIXED COSTS.

The table 7 summarises the components of the total fixed cost determined for 
the fleet of 30 boats :

Item Number of boats Cost per boat 
(euros/year)

Fixed cost of fleet 
(euros/year)

Insurance for boat 30 5,985 179,550 
Amortisation 30 9,975 299,250 
Repairs and 
replacement of nets

30 15,700 471,000 

Total 949,800 

Table 7.- Components of the total fixed cost determined for the fleet

The annual amortisation was calculated taking the useful life of the boat to be
40 years on average, and the average current purchase price to be 399,000 euros per
boat.

The repairs to the boat, including maintenance, and the replacement of nets
are the biggest single component of total fixed cost. The cost values used are
averages obtained from the interviews with owners.

COSTS AS PERCENTAGES OF SALES REVENUE.

Included here are those costs payable as a set proportion of gross sales
proceeds, i.e. commission payments.
• Fish market commission : This cost is either 2% on sales in bulk, or 4% on sales in

box. As wholesale purchase in bulk is more usual, a commission of 2% has been
taken for this cost calculation.

• Commission payable to the corresponding Organisation of Producers: 1.5 % of
gross revenue.
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• Commission payable to the Trade Union (agreed in the collective labour agreement
for the sector): 1 % of gross revenue.

VALUE ADDED TAX (VAT).

The rate of VAT applied to sales of fish negotiated at the fish market is 5% in
general, but 17% for molluscs and crustaceans. Docapesca (a publicly-owned
company) holds a monopoly of the primary sale of fish and according to current
legislation, this company is charged with applying the VAT to fish sold at the various
makets and passing on the proceeds to the Government.

Also under the legislation, the boat owner is exempted from paying VAT on the 
purchase of certain goods and services directly related to the boat.

The difference with respect to other activities is that the owner does not have to 
present any declaration of VAT, showing the difference between the VAT charged on 
sales and the VAT deductible paid on purchases.

As a result, the owner neither pays nor deducts VAT. The resulting balance of 
VAT is practically zero, since the major part of the goods and services purchased are 
exempt.

DEMAND FUNCTION.

In order to estimate the demand function for sardine, various modellings are
carried out using daily, monthly and annual series of quantities and prices.

The aim is to fit the data on prices and catches to a linear demand function of
the following type :

bhap −=

The results obtained demonstrated that there is no significant relationship of
prices to the catches. This was the application of the model considered. The relevant
time series are reproduced in table 8. The table 9 summarises the results of the
estimation. 

Year Constant price

(Escudos/kg)

Total Catch

(kg)

Year Constant price

(Escudos/kg)

Total Catch

(kg)
1987 65.03 15,394,477 1994 66.787 14,000,248
1988 74.529 11,999,033 1995 61.070 18,154,091
1989 82.333 11,057,148 1996 73.848 18,935,212
1990 81.290 13,606,252 1997 74.517 19,664,532
1991 111.745 14,545,945 1998 92.882 18,866,982
1992 72.537 10,662,553 1999 13.403 13,896,040
1993 54.144 12,176,946

Table 8.- Evolution of catches and prices of sardine.
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Table 9.- Results of the estimation of . linear regression between the volume of catch 
landed and the price, for sardine

The equation obtained for the demand function is:

hp 470000001345.0519.82 −= R2=0.037

We concluded therefore that the model is not representative, given that 13
observations are not many. Hence, a new model was tested in which more
observations were taken into account.

The next step was to use the data base of daily catches and prices for the
period 1997 to 1999, for which the total number of observations exceeded 25,000.
Also, due to inflation being practically zero, we were able to work with current or
constant prices regardless.

We will disregard the outputs of the program, in which it is seen that the p
values of each parameter are 0.0000 but the fit of this model is also very poor, since
R2=0,016.

This model corresponds to the equation:

hp 000000143.0674.87 −=

What can be verified from this model is that the price turns out to be practically
constant, given that the slope is very low. Hence we can consider that the intercept is
the price constant we are seeking and this virtually coincides with the average price of
the last five years. All that remains then is to confirm that the demand function is a
constant such that :

Regression Analysis - Linear model: Y = a + b*X
-----------------------------------------------------------------------------
Dependent variable: P. Constante
Independent variable: Capturas
-----------------------------------------------------------------------------
                               Standard          T
Parameter       Estimate         Error       Statistic        P-Value
-----------------------------------------------------------------------------
Intercept        82,5192        32,0685        2,57322         0,0259
Slope        -1,34547E-7  0,00000211744     -0,0635424         0,9505
-----------------------------------------------------------------------------

                           Analysis of Variance
-----------------------------------------------------------------------------
Source             Sum of Squares     Df  Mean Square    F-Ratio      P-Value
-----------------------------------------------------------------------------
Model                     2,13041      1      2,13041       0,00       0,9505
Residual                  5804,02     11      527,638
-----------------------------------------------------------------------------
Total (Corr.)             5806,15     12

Correlation Coefficient = -0,0191552
R-squared = 0,0366923 percent
Standard Error of Est. = 22,9704
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4373.0=p

where the price is now given in euros/kg.
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THE  BIO-ECONOMIC MODEL. 

129



130



The theoretical basis of this project is the so-called bio-economic model of
Clark (1990) in its most complex version in which the price of the resources depends
on the catches.

The problem is centred on a fishery which the Authorities wish to regulate in
order to bring it to its optimum state. 

In the fishery studied in this project, the following conditions apply :  

Its biomass follows the law of logistic growth 






 −==
K
x

rxxF
dt
dx

1)(  

In respect of the law of biological growth of the species studied, there could be
doubts regarding the choice between the logistic model (represented by the model of
Schaefer) and that of Gompertz (which includes the model of Fox). To justify the
choice of the former, in another part of this study, the corresponding comparisons are
presented. Consequently, all the formulations of the model of Clark shown in the
remainder of this report include the logistic growth.

• The hypothesis of Schaeffer is met:  qx
E
h =   y   cEVC =  

• The (inverse) demand of the species corresponds to the linear expression:
bhap −=  

Determination of the optimum state. 

With the price being dependent on the catches made, the regulation can be
designed with the aim of achieving Objective 1, which is to ensure that this fishing
activity fulfils optimum social requirements1. 

The regulation is carried out in dynamic analysis with δ being the rate of
discount, p the price of the resource, and )(xc the average cost of the catches. Thus

we define the optimum biomass *x as that which enables the maximisation of the

following discounted or present value of future profits to be generated by the fishery.
  

[ ] dthxcpePV t
∫

∞ − −=
0

)(δ      (1) 

Following Clark, if we assume that, in principle, the price p is constant and we
apply the conditions of the maximum of Pontryagin, then the optimum biomass sought
is that which complies with the following theorem: 

1 LÓPEZ, M. Augusto and PESCADOR, Enrique (1999). In their article “A Theoretical Essay for
the Enlargement of the Knowledge on the Optimal State of a Fishery”, they define as Objective I
of a regulation, that which aims to obtain an optimum social situation for the fishing activity
regulated. This is defined as corresponding to that situation in which the sum of the benefits to
the fishermen is maximised plus the surplus of the consumers. 
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The value of x given by this relationship is that which maximises the present
value of expression (1) and depends, as we shall see, on the respective values which
the rate of discount and the price of the resource may take. To resolve the price we
have: 
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Next, the functions are substituted by the values of their respective parameters: 
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We can express the biomass in function of the sustainable catches if we
establish the condition of biological equilibrium. This is resolved by: 
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If we substitute this latter formulation2 in (2), we obtain: 
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Given the rate of discount, this expression represents the relationship between
each possible price that the resource may have in its market, and the volume of
catches which should be produced by the fishery to maximise the expression (1). In
other words, this is the function of market supply. 

Now, as has been stated from the beginning, the price of the resource is not
constant but corresponds to the inverse demand : bhap −= . Therefore the solution
sought is reached by obtaining, simultaneously, the p* and catches h* of the optimum
state, from the following system of equations that represent the demand and supply of
the resource in its market.

[ ]
[ ])4(2

)4()2(

hKrKrKhq

hKrKrhKrc
bha

−±
−−±+

=−
δ

δδ
  

In this way, having obtained h*, all the rest of the endogenous variables of the
model can be obtained from it

2 As is known, the resulting optimum biomass may be more (higher signs) or less (lower signs) 
than K/2. 
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Price:   ** bhap −=          Biomass:   *)(* 1 hFx −=            Effort:  
*
*

*
qx
h

E =  

Current or present profit:   *)
*

*(* h
qx

c
p −=Π  . 

Associated problems that are presented in our case. 

In our case, the real situation observed and studied presents two additional
problems or features that must be resolved.

These features are, first, the application of VAT at 7% to sales of fish by this
extractive sector, which makes a considerable difference to the points of equilibrium
we seek ; and second, the fact that the two species of fish studied, sardine and
anchovy, are caught in two different fishing grounds, by two fishing fleets also of
different economic characteristics.

We shall describe in the following section how these inter-related problems
have been resolved theoretically.

Incidence of VAT, tax on value added. 

As the gross revenue is p h, the quantity to be paid in respect of VAT will be p
h u, then the total amount to be paid by the buyers, i.e. the gross revenue plus the
VAT, will be )1( uph + . Therefore the situation we have is that while the suppliers
effectively receive the price p fixed in the auction (price received), the buyers really pay
a higher price )1( up + , (price paid).  

It will therefore be evident that the application of VAT, by affecting the prices,
must also affect the quantities. The effect is to modify our point of bio-economic
equilibrium. To find the new point of equilibrium, on the assumption of a market
consisting of companies competing against each other to buy the catches available,
our reasoning is as follows :

The demand function )(hpp = indicates that, since the price p of the product
has been established by the market, the corresponding value of h is the quantity of the
product that the buyers wish to purchase, to maximise their utility.

The supply function )(hMCp = indicates that, since the price p of the product
has been established by the market, the corresponding value of h is the quantity of the
product that the suppliers wish to sell to maximise their profit. As we know, this supply
function corresponds to the function of marginal cost of catches.

If the tax did not exist, the equilibrium of this market would be found where
)()( hMChp = , for a price p and a transaction h. 

Now as we have just seen, the imposition of VAT means that there are two
different prices for the same transaction : the price paid by the buyers and the price
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received by the sellers.

With the rate of VAT being u%, the result of )()1()( hMCuhp += will be the
new transaction h* after tax, since it satisfies the wishes of sellers, buyers and of the
Treasury or Hacienda Pública in Spain: 

• The price paid  *)(hppp =  satisfies the demand function. 
• The price received  *)(* hMCp =  satisfies the supply function. 

• The relationship *)1( pupp += is complied with, hence the difference between

the two prices is: ** upppp =− , from which it is deduced that the amount

collected by the VAT is: ** hup  

The problem of two different fishing grounds supplying the same single market. 

This problem arises when fish of the same species landed and auctioned at a
particular port originates from two different fishing grounds. In the case studied here, it
is also assumed that intrinsically different fleets fish in each of these two grounds.

Therefore, designating these fishing grounds A and B respectively, we will have
two biological growth functions )(xFA and )(xFB , two cost parameters per unit of

fishing effort  Ac  y Bc , and two coefficients of catchability Aq  y Bq

Evidently, in this case, we will have to solve the problem presented by having
two different values of optimum biomass, associated with two TACs and two efforts
that are also different, one for each fishing ground. Nevertheless, we will have to
determine a single price for this species. 

We will have to define the problem in terms of a single market which we wish to
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regulate to achieve Objective 1, In such a market we will have :  

• Two supply functions: 

• That of fishing ground A   )( AA hMCp =

• That of fishing ground B   )( BB hMCp =

• One demand function:  )(hpp =

Clearly, the total supply will be the sum of the supply from each ground, so we
will have to add together the respective catches for each price :

)(1 pMCh AA
−=          (1)

       )(1 pMCh BB
−=+

________________

)(1 pMChhh BA
−=+=  

By inverting this expression, we will obtain the required total supply of this
market. 

)(hMCp =

The bio-economic equilibrium is found where the supply and demand are equal,

i.e. from )()( hphMC = the price of the resource *p and the total volume of

catches *h are obtained

To decide how to allocate this total catch between the two grounds, we will
apply the price found to the two respective functions (1), thus obtaining the
corresponding catches which will, in effect, be the respective TACs to impose on each
ground.

: 
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*)(* 1 pMCTACh AAA
−==

(Here the equality  *** BA hhh +=  must be satisfied).  

Lastly, the corresponding values for optimum biomass to conserve in each
ground and the respective fishing efforts to be expended, will be :

Ground A Ground  B 

Optimum biomass *)(* 1
AAA hFx −= *)(* 1

BBB hFx −=  

Effort to be expended 

*

*
*

AA

A
A xq

h
E =

*

*
*

BB

B
B xq

h
E =

Optimum path to reach the optimum state. 

Determination and evaluation. 

We will assume that the fisheries studied, like most, are subjected to excessive
fishing effort, in other words that the actual 0x is less than the optimum biomass

*x . Under this assumption, as demonstrated by Spence and Starrett (1975), when

the regulation aims, as in our case, to achieve Objective 1., the best path for reaching
it is the most rapid, i.e. by imposing a total prohibition on catches, so that h = 0, in the
time interval of 0=t to τ=t , with τ being the time when the optimum biomass is
reached. 

In the absence of catches, the biomass growth is : 
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This differential equation has the following as integral : 
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From which the valueτ of the duration of this transitional period can be
obtained: 
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Then, if such a policy is followed and once the value ofτ is known, the
expression (1) can be written thus : 
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With the value of this integral being :

δδ

δτ *
*

*

*

h
qx

c
pe

FC
PV









−

+−=

−
     (3)

This expression allows us to evaluate or to put a value on this policy in current
money terms, and as will be seen next, also enables us to compare it with other
alternative policies.

Practical difficulties of this policy. 

It is known that the value PV* obtained from the expression (3) is the absolute
maximum in the context of the approach adopted to the problem. However, in respect
of such an approach, the following comments can be made :
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In general, when the Fisheries Authority regulate a fishery, the following
problems usually arise in determining the optimum state of the fishery.

• As there is excessive effort, or over-fishing, this makes it necessary to
reduce definitively the number of boats and the number of workers
employed. Such reduction usually involves a policy of incentives for the
scrapping of boats and for the creation of alternative employment, with the
significant costs associated with these measures. 

• If such a policy were implemented, the fleet would be required to cease
working during the transitional period established. During this period, the
fishermen would not receive any income nor would the boat owners be able
to cover even their fixed costs. It is evident that this would require another
complementary policy of subsidies and financial assistance. 

We can observe that such a policy is never implemented in practice. The
Authorities resort to alternatives that are less painful both socially and financially, but in
conception are somewhat arbitrary.
. 

The alternative path which can be evaluated. 

The aim in this section is to establish a possible alternative policy that meets
objective criteria and that, in any case, can serve for purposes of comparison with the
previously discussed policy, when both have been costed for the additional social
implications.

It is also taken into account that the fishermen collectively are reluctant to see
changes in policy and prefer a definitive TAC to be imposed once and for all.

For this reason, in continuation, an analysis is made of the behaviour of the
fishery if subjected to a constant level of catch.

With h constant t∀ , the differential equation representative of the growth is
as follows : 
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In respect of this temporal path, we must take into account that, given the value
of 0x : 

If     )( 0xFh >         0→x

If    )( 0xFh =         0xx =
      If    )( 0xFh <        0xKx −→
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From which it is deduced that , knowing the value of the optimum biomass

*x of the fishery, if we make the constant catches to be *)(xFh= , we will have

the following : 

If    *0 xKx −<       0→x

If    *0 xKx −=       0xx =

  If    *0 xKx −>       *xx →  

It can be seen then that, provided always that *0 xKx −> , if from 0=t , a

TAC is established that is equal to the growth corresponding to the optimum biomass,
i.e. *)(xFhTAC == , the biomass of the fishery will tend towards the optimum
biomass. 

Then, having established this TAC, the catches *h and the price *p
would be constant while, with the expression (4) being known: 

• The effort necessary would move closer asymptotically to *E , following

the path:  

)(
*

)(
tqx

h
tE =  

• And the actual profit obtained would tend towards *Π , following this

other path: 

FCh
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c
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It should be noted that over the course of time, there would be a steady
reduction in effort necessary and a steady increase in actual profits, which would be
appreciated by the fishermen.

It is evident that it will not always be possible to apply this policy. One condition
for it to be applicable could be that the profit (5), at t = 0, should exceed a certain
determined value, which would depend on the set of parameters that define the
fishery.

 
What always can be done is to evaluate this alternative policy, in present

money terms, using the expression :
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Effectively, the desirability or not of applying the alternative policy would be
seen from a comparison between the value PV *, given by the expression (3), from
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which one would have to subtract the present value of the social cost, i.e. the subsidies
and financial assistance, that would need to be associated with such a policy, and the
value APV * given by the expression (6) of the alternative policy. 

For example, if a fishery were characterised by the following set of parameters. 

a = 600 b = 0,02 δ  = 0,05 
c = 1.000 q = 0,00008 FC = 300.000 
r = 0.8 K = 90.000 0x  = 55.000 

Then the values of the endogenous variables in the optimum state, when the
regulation is aimed at Objective 1., are the following :

h* = 14.670,3    p* = 306,595  x* = 64.354,5   E* = 2.849   Π * = 1.348.330 

If it is desired to follow the most rapid path to reach the optimum biomass, it
would be necessary to impose a prohibition of catches (h = 0) for a period ofτ =
0.585067 years = 213.5 days. 

Then the present values of the future profits obtained by this policy, using the
expression (3), will be: PV* = 26.016.100 euros. 

It should not be forgotten that this policy requires a cessation of activity for
biological reasons of 213.5 days, which would entail the corresponding social
assistance. Taking into account that Π (0) = 863.667 euros per year, it can be
assumed that, during this period, the crew members and boat owners receive a
subsidy of this amount, with the boat owners, in addition, receiving an amount
equivalent to the fixed costs, i.e. FC = 300.000 euros per year. 

In these circumstances, the present value of this social assistance reaches
670.886 and should be subtracted from the present value of the future profits obtained
from this policy. After making this subtraction, the final value is 25.345.300 euros. 

The alternative policy consists of establishing, from t = 0, and on a constant
basis, a TAC = 14.670.3.mt 

Therefore, the endogenous variables would follow the temporal paths shown
below, towards their respective stable values.

Path of the biomass
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Path of the fishing effort 
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Path of the current profit 

Lastly, applying the expression (7) which enables this alternative policy to be
evaluated, we can observe that the present value reaches APV * = 25.668.600 euros,
but bearing in mind that this policy does not require any associated social costs to be
incurred. 

To conclude, it has to be stated that if the condition: *0 xKx −< were met,

the application of this alternative policy would make it necessary to establish a
transitional period with the prohibition of catches until the biomass reached the value of

*xKx −= . Such a temporary cessation of fishing would carry corresponding social

costs which, duly discounted, would need to be included in the evaluation of this
alternative policy.

It can easily be deduced that the duration of such a transitional period would
be : 
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To design the alternative policy discussed here, the same procedure as that
followed for the general case would need to be followed.
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FINAL ASSESSMENT
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SPANISH FISHERIES OF THE GULF OF CÁDIZ

Anchovy and sardine are both small pelagic species, considered as blue fish,
not susceptible to being frozen and both purchased mainly for consumption fresh
(although the conserving industry is an important customer for sardine) ; but despite
these similarities, their markets are very different. The fact that neither species can be
processed by freezing means that the geographic mobility of the fleets dedicated to
fishing them is limited and their geographic market area is also relatively small.

In the case of the anchovy, there is a weak negative correlation between the
quantities caught in the Gulf of Cádiz and their landed prices at the fish market. For the
sardine, this correlation has not been found to be significant either in Spain or in
Portugal. In the statistics on anchovy, no account has been taken of the catches
landed at Barbate, Spain, by the fleet which works the Moroccan fishing grounds,
although these catches are known to influence the price of this species. In the Spanish
market, there is a close inverse relationship between the prices of these two species. 

There are thus two markets in the case of Spain, and in each of these :
• Demand is represented by the set of purchasers at the fish markets of the

Spanish ports of the Gulf of Cádiz, with the exception of Barbate ;
• Supply consists of the catches taken by the fleet of Cádiz in the National

fishing grounds, plus those taken by the fleet of Huelva in their littoral fishing
grounds.

The parameters of the growth curves for sardine in the different fishing grounds
studied are given in Table 1 ; those for anchovy are given in Table 2.

Fishing ground Spanish 
National

 Huelva Littoral Portuguese National

Parameter
Intrinsic rate of growth r 0,473398 0,513641 0.638

Maximum biomass K 34,968.95 10,067.74 168,727,723
Coefficient of 

Capturability
q 0,000159321 0,0000684676 0.00003025

Biomass at time = 0
0x 26,940.06 6,820.96

Table1.- Parameters of the growth curves for sardine in the 3 different grounds 
studied.

Fishing ground Spanish National Huelva Littoral
Parameter

Intrinsic rate of growth 0.639741 0.741983
Maximum biomass 57,384.58 3,386,64

Coefficient of Capturability 0,000121107 0,000159472
Biomass at time = 0 32,719.86 26,940.06

Table 2.- Parameters of the growth curves for anchovy in the 2 Spanish grounds 
(Portuguese grounds not significant).

The economic parameters related to costs are given in Table 3.
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Parameter Fleet of Cádiz Fleet of 
Huelva

Fleet of the 
Algarve

Cost per unit of effort 
(euros)

c 504 110 310

% of IVA (to receive) u 0,07 0,07 0.05
% Quotas (to pay) v 0,04 0,04 0.04
Total fixed cost per 

year (euros)
FC 2,791,800 498,600 949,800

Table 3.- Economic parameters related to the costs of the different fishing fleets 
studied.

In respect of demand, those relationships found to be statistically significant
can be indicated :

Demand function for anchovy in the Spanish market :: 
a = 3,605.96     

BB bhap −=                  b = 0,160875

Relationship between the price of sardine and the price of anchovy in the 
Spanish market : 

α  = 1,166.05         

BS pp βα +=      β  = 0,24746 

OPTIMUM STATE OF EXPLOITATION

The optimum state of exploitation of sardine and anchovy in the Spanish fishing
grounds is determined by applying the dynamic model of Clark, which states that,
under the assumption that the price of the resource depends on its catches, the
regulation imposed by the Authorities may be directed towards the achievement of one
or other of these two objectives :

• Objective I : When it is intended to maximise the surpluses of consumers
and producers, to reach a Pareto-type social optimum.

• Objective II : When it is intended to maximise the profits of the fishing
companies.

ANCHOVY

For the optimum state of anchovy exploitation, under Objective I, first its
optimum price and optimum level of catch were determined (Table 4); this catch
quantity was then distributed between the optimum catches in the national grounds
and the littoral grounds of Huelva (Table 5). From these, the respective biomasses,
efforts and “Montes Mayores” (net proceeds from fish sales available for distribution)
ruling under these optimum states. The optimum values were obtained for a discount
rate of 5% (δ = 5 %), this rate being considered realistic under present conditions and
taking into account that, given that supply is effectively inelastic, the fluctuations that
this variable could show would be negligible.

Variable Symbol Values under optimum state
Total catch h* 9,792.3  mt/yr
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Price p*  2,030.6  ∈ /mt 

Table 4.- Catch and price under optimum state

National grounds Huelva littoral grounds
TACs Distributed catches 9,165.5  mt/yr 626.9  mt/yr

Total fishing effort 2,738 days/yr 2,220 days/yr
Optimum biomass 27,641.1 mt 1,770.55 mt

Aggregate Monte Mayor 16,487,054 ∈ /yr 977,864∈ /yr

Table 5.- Distribution of TACs, efforts, biomasses and “Montes Mayores” (net 
proceeds from sales) under optimum state 

The market.

Figure 1 shows the demand curve for anchovy and the curves of supply
originating from each fishing ground, together with the combined supply curve for both.

The demand for anchovy, compared with the supply, is very high therefore the
equilibrium points are very close to the vertical line of the MSY for each ground. Due to
the inelasticity of supply in the two grounds, any variation in demand would only
influence the price. It is important to be aware of the different capacity of production
and catches of the two grounds, reflected in their respective supply curves, where the
considerably smaller size of the Huelva littoral ground is evident.
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Fig 1.-Demand curve for anchovy and supply curves of the two grounds, individually 
and combined.



The point of bioeconomic equilibrium for the national ground is on the
backward-sloping part of the supply curve. This means that the optimum biomass of
anchovy in this ground is less than K/2. In fact, as has already been indicated, the
optimum biomass is x* = 27,641.1 mt (Table 5), and it has been deduced that K =
57,384.58 mt, therefore K/2 = 28,692.29 mt.

This supply phenomenon, termed “backward-bending” (Copes, 1970) refers to
the slope or shape of the discounted supply curve, which at first shows an increasing
trend, as normally expected of a supply curve, but then changes direction to show a
decreasing trend.

If the Objective I is the aim of the regulation, then the discounted supply curve
correlates (for each possible rate of financial discount) the possible price that could
apply in the market, with the level of catch which maximises the present value of the
flow of future profits/earnings that the fishery could generate.

In this curve, as the price increases, the corresponding catches increase from
zero to the MSY (which, being the sustainable catch, corresponds to the biomasses
that decrease from K to K/2). But if the price continues to increase further, reaching
the “backward-bending” part of the curve, i.e. where the decreasing supply curve
applies, the catches switch to a decreasing trend, corresponding to biomasses also
decreasing from K/2.

Thus, if in the future demand for anchovy continues increasing, given these
circumstances, its optimum biomass will get smaller and smaller.

Growth and fishing effort. 

Figures 2 and 3 present, for the national and Huelva grounds respectively, the
growth curve of anchovy (in the upper part) and the so-called biomass-effort “locus” (in
the lower part), which correlates all the pairs of values for these two variables that
provide sustainable catches and corresponds to the expression :
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Figure 2.- Growth curve of anchovy and the biomass-effort “locus”, in the national 
fishing grounds.

Figure 3.- Growth curve of anchovy and the biomass-effort “locus”, in the Huelva 
littoral fishing grounds.
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It can be seen that the anchovy production and catch capacity of the national
grounds, as indicated by the MSY, is more than one order of magnitude larger than the
Huelva grounds. However, the smaller size and lower productivity of the Huelva fleet
boats, results in the required fishing effort being fairly similar in the two grounds.(Table
6).

Anchovy National grounds Huelva littoral grounds
Maximum sustainable yields 9,177.8 mt/yr 628.21 mt/yr

Effort required 2,641 days/yr 2,327 days/yr

Table 6.- MSYs of anchovy and efforts required to achieve them, in the two fishing 
grounds.

SARDINE

In respect of sardine, its price has been determined in function of the price of
anchovy. Thereafter, the model for the constant price case was applied, with the
respective optimum states of each of the two fishing grounds being determined. The
price and its optimum level of catch is given in Table 7. The distribution of TACs,
efforts, biomasses and “Montes Mayores” (net proceeds from sales), in the national
and Huelva littoral grounds, are given in Table 8.

Variable Symbol Values under optimum state

Total catches h* 5,374.3 mt/yr
Price p* 663.56 ∈ /mt

Table 7.- Catches and price under optimum state.

National grounds Huelva littoral grounds
TACs Distributed catches 4,124.7 mt/yr 1,249.6 mt/yr

Total fishing effort 1,398 days/yr 3,065 days/yr
Optimum biomass 18,496 mt 5,954.07 mt 

Aggregate Monte Mayor 1,922,914 ∈ /yr 458,867 ∈ /yr

Table 8.- Distribution of TACs, efforts, biomasses and aggregate “Montes Mayores” 
(net proceeds from sales), in the national and Huelva fishing grounds.

The market for sardine. 

In the case of this species, it can be observed (Figure 4) that, although the
national grounds have much more capacity than that of Huelva, the difference is not as
striking as in the case of anchovy. Having estimated the price of sardine from its
correlation with that of anchovy, in the figure the regulation of sardine catch (Objective
I, forδ = 5 %) ) is resolved from the intersection of the curve of the combined supply
with the line corresponding to its price level.
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Fig 4.-Demand curve for sardine and curves for supply from each ground separately 
and combined.

Although in this case the phenomenon of the “backward bending” curve is not
seen for either of the two grounds, the inelasticity of supply can again be observed
when the price is at high levels.

Growth and fishing effort. 

Figures 5 and 6 show, for the national and Huelva grounds respectively, the growth
curve for sardine (in the upper part) and the biomass-effort “locus” (in the lower
part).

Figure 5.- Growth curve for sardine and biomass-effort “locus”, in the national 
fishing grounds.
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Figure 6.- Growth curve for sardine and biomass-effort “locus”, in the Huelva littoral 
fishing grounds.

As in the preceding case, the difference in the capacity of the two grounds in
respect of MSY and the corresponding effort required is notable.(Table 9).

National grounds Huelva littoral grounds
Maximum sustainable yields 4,138.56 mt/yr 1,292.8 mt/yr

Effort required 1,486 days/yr 3,755 days/yr

Table 9.- MSYs and fishing efforts required, in the national and Huelva grounds.

SIMULATION OF THE AGGREGATED PROFIT AND LOSS ACCOUNTS FOR TH E
TWO FLEETS. 

It is important to state that the fleet of Cádiz, fishing in the national grounds,
dedicates a certain number of days per year to anchovy and other days to sardine ; in
addition, until the end of 1999, the fleet also fished for a number of days in Moroccan
grounds.

The fleet of Huelva only works its littoral grounds, but again, dedicating some
days to anchovy and others to sardine.

To make more realistic our simulation of the profit/earnings outcome of overall
fishing activity by each fleet, we therefore have to determine two Montes Mayores (or
net proceeds from fish sales) for each fleet - that derived from anchovy fishing and the
other derived from sardine fishing.

• Simulation of the profit and loss accounts of the y ear 1998.
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This simulation uses the real data obtained for prices, catches and numbers of
days fishing effort, to which have been applied the average formulas used in the
model.

Fleet of Cádiz 

36 boats           22 crew members per boat 

1998 Anchovy campaign 

(1,616 days)

Sardine campaign

 (508 days).
Amount (euros/year) Amount (euros/year)

R + IVA 9,148,713 1,945,437
IVA 598,514 127,272

R = p h 1,297,06 x 6,591.98  

= 8,550,199

877,05 x 2,073.05 

= 1,818,166
Quotas 342,008 72,727
net R 8,208,191 1,745,439

VC = c E 814,771 256,229
Aggregate Monte Mayor 7,393,419 1,489,211

Profit of boat owners Remuneration of crews
50 % of Monte Mayor 

(from anchovy campaign)

3,696,710 3,696,710

50 % of Monte Mayor 

(from sardine campaign)

744,605 744,605

Gross profit of all owners 4,441,315
Remuneration of all crews 4,441,315
Fixed cost (FC) 2,791,800
VAT Liquidation 344,065
Net profit of all owners 1,305,450
Net profit (average) per boat 36,262 euros (for 60 days 

activity in year)
Remuneration (average) per crew 

member

5,608 euros (for 60 days 

activity in year)

Since this fleet also fished for part of the year 1998 in the Moroccan grounds, for a
complete account, it is necessary to add the Monte Mayor corresponding to the
Moroccan campaign to the results obtained for these 60 days activity in the Spanish
national grounds (and to subtract from this the fixed cost represented by the time spent
sailing to and from these Moroccan grounds each day).

Fleet of Huelva 

31 boats           7 crew members per boat 

Anchovy campaign Sardine campaign
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(925 days)  (3303 days).
Amount (euros/year) Amount (euros/year)

R + IVA 601,223 1,451,333
IVA 39,332 94,947

R = p h 1,297.06 x 6,591.98

= 561,890

877.05 x 1,546.53 

= 1,356,386
Quotas 22,476 54,255
net R 539,415 1,302,130

VC = c E = 504 x 1.616 101,792 363,398
Aggregate Monte Mayor 437,623 938,732

Profit of boat owners Remuneration of crews
50 % of Monte Mayor 

(from anchovy campaign)

218,811 218,811

50 % of Monte Mayor 

(from sardine campaign)

469,366 469,366

Gross profit of all owners 688,178 688,178
Total remuneration of all crews
Total fixed cost (FC) 498,600
VAT Liquidation  84,828
Net profit of all owners 104,749
Net profit (average) per boat 3,379 euros for 136 days 

activity in year
Remuneration (average) per crew 

member

3,171 euros for 136 days 

of activity in year. 

When this result of low profitability and low labour earnings became evident, a
second round of interviews were conducted in the ports of Huelva to confirm as far as
possible all the aspects of these findings.

On the one hand, from a comparison of our results with those of García del
Hoyo (1997), these turn out to be not so divergent. The biggest divergence is that,
whereas this author stated : “we assume the absence of fixed costs in the fishing
activity”, from our survey we found data of significant sums under this heading.

The above presented results are after making certain corrections to the initial
estimates, taking into account the following factors :

• Knowing the policy of financial assistance to the sector, the boat owners apply
an amortisation rate appreciably lower than the true rate of depreciation of the
boat.

• Owners contract the cheapest possible insurance for their boats. 
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• Almost all owners also work as captains, therefore in addition to the owner’s
50% share of the Monte Mayor, they also receive 2 or 2.5 shares of the other
50% that corresponds to the members of the crew. 

• In respect of the cost item “replacement of fishing gear i.e. nets” , in this fleet,
each boat’s crew includes a man in the figure of the “redero” or net man, who is
in charge of maintenance of the nets, without receiving any special extra
remuneration. For the owner, only the costs of materials required have to be
incurred.  

• Each crew member receives a payment in kind for each fishing trip ; in Huelva
this is known as the “jarampa” ; this quantity of fish cannot be sold in the
market but does represent a supplementary remuneration.

Simulation of the profit and loss accounts of the two fleets, under the optimum
state of exploitation. 

This simulation has been based on the results obtained and presented
previously, after having applied the model. It reflects the values that would be reached
under the various headings considered, provided always that in each of the fisheries
there exists the corresponding optimum biomass and that from these stocks only the
quantities specified as their corresponding TACs are caught.

Flota de Cádiz 

36 barcos           22 tripulantes por barco 

Anchovy campaign (2,738 

days)

Sardine campaign

 (1398 days).
Amount (euros/year) Amount (euros/year)

R + IVA 19,914,267 2,928,575
IVA 1,302,803 191,589

R = p h 2,030.6 x 9,165.5 

= 18,611,464

663,56 x 4,124.7

= 2,736,986
Quotas 744,459 109,479

net R 17,867,006 2,627,506
VC = c E 1,379,952 704,592

Aggregate Monte Mayor 16,487,054 1,922,914

Profit of boat owners Remuneration of crews
50 % of Monte Mayor 

(from anchovy campaign)

8,243,527 8,243,527

50 % of Monte Mayor 961,457 961,457
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(from sardine campaign)
Gross profit of all owners 9,204,984
Total remuneration of all crews 9,204,984
Total fixed cost (FC) 2,791,800
VAT Liquidation 1,101,698
Net profit of all owners 5,311,495 
Net profit (average) per boat 147,542 euros for 115 days 

activity in year. 
Remuneration (average) per crew 

member

11,622 euros for 115 

days of activity in year

Our conclusions from this simulation of the financial results obtained by the
Cádiz fleet for 1998 is that they are good in respect of both the profitability for the boat
owner and the remuneration of the crews’ labour. However, it must be remembered
that the future of this fleet depends on the outcome of the negotiations between the
European Union and the Government of Morocco, which are still very uncertain. The
current situation is that most of the fleet of Cádiz studied in this report is now tied up in
port (some in the provincial capital and others in their home port of Barbate), receiving
subsidies and financial aid that represent an enormous social cost. Consequently very
few catches are being taken from the national fishing grounds.

Fleet of Huelva 

31 boats           7 crew members per boat 
Anchovy campaign

 (2220 days)

Sardine campaign 

(3065 days).
Amount (euros/ year) Amount (euros/ year)

R + IVA 1,362,092 887,227
IVA 89,109 58,043

R = p h 2,030 x 626.9 = 1,272,983 663,56 x 1,249.6 = 829,185
Quotas 50,919 33,167

Net R 1,272,983 796,017
VC = c E = 244,200 337,150

Aggregate  Monte 

Mayor

977,864 458,867

Profit of owners Remuneration of crews
50 % of Monte Mayor 

(from anchovy campaign)

488,932 488,932

50 % of Monte Mayor 

(from sardine campaign)

229,434 229,434

Gross profit of all owners 718,366
Remuneration of all crews 718,366
Total fixed cost (FC) 498,600
VAT Liquidation 85,244
Net profit of all owners 134,521
Net profit (average) per boat 4,339 euros for 170 days 

activity in year
Remuneration (average) per crew 

member

  3,310 euros for 170 days activity 

in year
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The low capacity of the Huelva fleet to generate income is again evident. From
the financial point of view, we may consider that a final attempt to improve this fleet
could be made through its reconversion.

If we stipulate that it would be sufficient for each boat to undertake a total of
210 days of fishing activity annually (i.e. resting the weekends, and subtracting other
days of lay-up for maintenance or repair, possible bad weather, etc.), in order for the
fleet to apply the optimum fishing effort of 5,285 days/year (2,220 for anchovy + 3,065
for sardine), then only 25 boats would be necessary. 

Hence the possible reconversion could consist of retiring from the fleet the 6
least well-equipped or least efficient boats, and accepting the corresponding social
cost in subsidies and financial assistance. The estimates of these successive
improvements in the situation of the fleet are given in the following chart.

Actual 

situation in 

1998

Optimum 

state

%

increase

Optimum state 

with 

reconversion

%

increase

Days fishing / year 136 170 25 210 54.41 
Av. Profit/year for owner 3,379 4,339 28,41 9,241 173.48

Av. Remun./year for crew 3,171 3,310 4.38 4.105 29.45

Effectively, in relative terms, the benefits resulting from the optimisation of this
activity would be a very substantial increase in the average annual profit of the boat
owners (of more than 170%), and a much smaller but still useful increase in the
remuneration of the crew members (of nearly 30%).

But we should not deceive ourselves. These potential increases are from such
a low base level at present that the percentages are not really significant. The fact is
that now and in the future the families that depend on this fleet are living under
deplorable economic conditions.
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The objective of the work done in this project is to study the social, economic 

and biological factors affecting the sardine and anchovy fisheries of the Iberian South 

Atlantic region included in the ICES area IXa.

The  sardine  and  anchovy  belong  to  the  group  of  small  pelagic  fishes, 

consequently their rates of growth and recruitment show wide variation in function of 

the environmental conditions. This factor, together with the existence of relatively few 

age classes contributing to recruitment, has the effect of making these populations very 

vulnerable to collapses. As well as being short-lived and rapidly-developing species, a 

feature  of  their  behaviour  is  that  they  form  large  shoals  as  a  defence  against 

depredation.

Due to these biological and ecological peculiarities of the sardine and anchovy 

populations, the main technique used to catch them is the purse seine. Therefore the 

fleet that fishes these species can be defined as all those boats licensed to use purse 

seine techniques.

Differences  have  been  observed  in  fishing  practices  carried  out,  not  only 

between the Spanish and Portuguese zones but also between the provinces of Huelva 

and Cádiz within the Spanish zone. 

The differences observed between the Portuguese and Spanish fleets are due 

mainly to the target species: while sardine represents almost 90% of the total catch 

landed by the purse seine fleet  in Portugal,  for the Spanish fleets, in the two year 

period of this project, the anchovy is the target species. 

In the Spanish part, a clear distinction can be made between the fleets of Cadiz 

and Huelva: the boats of the former fish at much greater distances from the home ports 

since their nets are adapted to the condition of the Moroccan grounds, whereas the 

latter carry out coastal fishing and the boats are adapted to the bathymetric differences 

of  the  areas  where  they  fish.  Also,  the  characteristics  of  the  two  fleets  (tonnage, 

engine power, etc) and the cost structures enable a clear separation to be made of the 

fishing practices and work done by the purse seine fleets of Huelva and Cádiz.
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The following chart shows the differences observed between the three fishing 

fleets studied:

Boats of 
Fleet

Average 
Registered 
Tonnage 

Average 
engine size 

(HP)

Average variable 
cost (euros/day)

Average fixed 
cost (euros/year)

Portugal 16 110 310 950,000 
Huelva 15 136 110 500,000 
Cádiz 51 348 504 2,800,000 

In respect of the catches, sardines landed in Portugal are of larger size than 

those of the Spanish fleets, and show differences in condition, too.

Sardine from 
fishing 
grounds of 

TL Condition VSI

Algarve (Portimao) 194.45 mm 0.8327 0.7428
Algarve (Olhao) 176.26 mm 0.8144 0.7309
Cádiz 170.10 mm 0.8703 0.7804

 These differences in the sizes of fish caught are a reflection of the differences 

in the age structure of the total catches,  since the Spanish fleet catches significant 

quantities of age-class 1+, which is not the case for the Portuguese fleet, which takes a 

higher proportion of older fish in its catches, as shown in the following table:

AGE % All fleets % Cádiz % Olhao % Portimao
 1: 12.81 31.38 0.48 0
 2: 52.47 54.96 68.97 39.26
 3: 30.71 13.12 26.49 52.93
 4: 4.01 0.53 4.06 7.81

Differences have also been detected in population growth, both in the intrinsic 

rate of grwoth and in the load capacity:

Sardine from 
grounds of

r K

Portugal 0.638 168,727.7 Tm
Huelva 0.514 10,067.74 Tm
Cádiz 0.473 34,968.95 Tm

Similarly, differences exist in the biology of the anchovy, with the average TL 

being greater  for catches landed at  Olhau (Average TL=149.829 mm) and less for 

catches landed in Cadiz (average TL=128.202 mm), although the scarcity of data on 
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the anchovy catch in the Portuguese zone does not allow satisfactory results to be 

determined for any of the parameters:

Anchovy from 
grounds of

R K

Portugal N.D. N.D.
Huelva 0,742 3386,638 Tm
Cádiz 0,640 57384,58 Tm

There are, therefore, valid reasons preventing the global analysis of fish stocks, 

taking into account these significant differences found.

Having determined the biological parameters of the populations studied and the 

economic  parameters  of  the  various  fleets,  the  next  objective  considered  is  the 

establishment  of  specific  TACs for  each fishing  ground.  From among  the  different 

possible methods of obtaining these, two were selected:

1. a TAC based on applying two thirds of the total fishing effort corresponding 

to the maximum sustainable yield, termed the “biological TAC”. 

2. a TAC based on the  maximum present  value of  the future profits  to  be 

generated by the fishery, termed the “economic  TAC”. 

Owing to the absence of appropriate data for Portugal, this part of the study 

could only be undertaken in a consistent way for the fleets of Huelva and Cádiz. The 

results obtained are as follows:

Fish/Ground Biological TAC Economic TAC 
Sardina Huelva 1149.16 Tm 1249.6 Tm
Sardina Cádiz 3679.12 Tm 4124.7 Tm
Boquerón Huelva 558.36 Tm 626.9 Tm
Boquerón Cádiz 8157.72 Tm 9165.5 Tm

In every case the “economic  TAC” implies  larger  catches  and more  profits, 

whereas the “biological TAC” implies greater conservation of fish stocks.

From all these results, an analysis was conducted of the social consequences 

from the application of one or other of these calculated TACs. For this, an estimation 

was made of the profit and loss accounts that would be presented by each fleet if these 

TACs were  imposed,  taking  into  account  the  particular  method  of  sharing  out  the 

revenue proceeding from fish sales characteristic of this sector.
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The results of this are given in the following tables:

Biological TAC 

Fleet Total days 
fishing

“Monte Mayor” 
(euros)

Profit per boat 
(euros)

Per Capita 
income (euros)

Huelva 4051 1420423 5200 3273
Cádiz 2165 18281118 149111 11541

Economic TAC 

Fleet Total days 
fishing

“Monte Mayor” 
(euros)

Profit per boat 
(euros)

Per Capita 
income (euros)

Huelva 5285 1436731 5429 3310
Cádiz 4136 18409969 151221 11622

The most striking result is the low income, in both relative and absolute terms, 

received by the fishermen and boat owners of the province of Huelva; this could to 

some extent be alleviated by the laying-up of some of the boats currently comprising 

the fleet studied.

However,  no less striking is  the fact that  the economic results  do not  differ 

greatly from the application of one or the other  TAC, particularly considering that the 

biological TAC represents a reduction of more than 30% in the fishing effort.

Three main conclusions can be drawn from these accounts. 

1. The  application  of  one  or  other  TAC makes no  great  difference  to  the  socio-

economic situation of this fishing sector collectively. 

2. The application of the biological TAC provides a more secure conservation of fish 

stocks. 

3. The application of the economic TAC allows the needs of consumers to be satisfied 

better. 

The biological studies undertaken demonstrate the very high proportions of age 

classes 1+ and 2+ in the total catches. This implies a strong pressure exerted on the 

young individuals as a group. By not allowing the fish to spawn several times during 

their life cycle, the stocks of both sardine and anchovy are being subjected to a clear 

“biological over-exploitation”.

The behaviour of the demand curve for anchovy (the target species) and its 

position relative to the supply curves of the two fleets leads to a situation of “backward-

bending”, in which a decrease in the slope of the demand curve generates a decrease 
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in the catches in the equilibrium condition. This disposition of the two curves gives an 

indication of the strong pressure exerted by consumers on the stocks of these two 

species, which gives rise to an “economic over-exploitation”.

The situation is therefore critical, since the imposition of either one or other TAC 

will  not  resolve  the  problem:  whereas  one  TAC  provides  less  security  in  the 

conservation of stocks, the other is less satisfactory for the interests of the consumers. 

For this reason, it is imperative to seek new fishing grounds to alleviate these effects; 

this would reduce the pressure being exerted on the grounds of this zone and would 

provide greater satisfaction of consumer demand.

As stated  previously,  the  purse  seine  fleet  of  Cádiz  has  generally  obtained 

higher than expected catches, specifically by working the Moroccan fishing grounds. 

However from November 1999, the situation has changed dramatically: access to the 

Moroccan  grounds  was  prohibited.  One  year  later,  the  situation  has  changed 

somewhat. The boats of this fleet are tied up in port and financial assistance is being 

granted amounting to approximately 11,250 euros/year per fisherman. This is similar to 

the level of earnings that would be obtained by making catches equivalent to either of 

the  two  TACs  proposed in  this  report.  The concession  of  this  financial  assistance 

compensates  exclusively  the  economic  losses  resulting  from the  absence of  sales 

revenues. 

From the consumers’ point of view, the situation has radically worsened. The 

landings in the year 2000 are the lowest recorded in recent years, and consequently 

the  anchovy  is  commanding  much higher  prices.  All  this  follows  logically  from the 

findings presented in  respect  of  the setting  of  prices  and the analysis  of  demand, 

influenced primarily by the quantities landed in all the ports of the zone.

As has been shown, if this fleet operates only in the Spanish national grounds, 

its  situation  is  unsustainable,  since  the  application  of  either  of  the  two  TACs  is 

unacceptable.  It  is  essential,  therefore,  to  meet  the  requirements of  consumers by 

landing catches originating from other grounds. Thus the re-opening of the Moroccan 

grounds to the fishing boats of this fleet would not only respond to the needs of the 

market but would also enable the resources of the Spanish national grounds to be 

conserved  most  efficiently.  Therefore  whatever  measures  that  may  be  taken  with 

respect to this fishing ground should be considered subordinate to the need for re-

opening the Moroccan grounds.
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Apart from this, two new problems have arisen to change the results presented 

in this report. We are referring here to the increase in fuel prices in the past year and to 

the depreciation of the euro. As a consequence of these two factors, the parameter of 

the cost variable, c, has undergone a significant increase, as reflected in the following 

table:

Fleet 1999 (euros/day) 2000 (euros/day)
Algarve 310 385 
Huelva 110 150 
Cádiz 504 714 

The search for a new point of economic equilibrium does not substantially alter 

the levels of the two TACs calculated in the report.

Grounds Economic TAC New economic TAC 
Sardina Huelva 1249.6 Tm 1191.2 Tm
Sardina Cádiz 4124.7 Tm 4075.2 Tm
Boquerón Huelva 626.9 Tm 623.5 Tm
Boquerón Cádiz 9165.5 Tm 9174.3 Tm

But there is a clear adverse effect on the economic results.

Annual results from applying the economic TAC before the fuel price increase:

Fleet Days 
fishing

“Monte Mayor” 
(euros)

Profit per boat 
(euros)

Per capita income 
(euros)

Huelva 5285 1436731 5429 3310
Cádiz 3943 18507240 152318 11684

Annual results from applying the economic TAC following the fuel price increase:

Fleet Days 
fishing

“Monte Mayor” 
(euros)

Profit per boat 
(euros)

Per capita income 
(euros)

Huelva 4824 1250318 3264 2881
Cádiz 3995 17620710 143331 11124

As can be appreciated, the Huelva fleet is much more sensitive to any variation 

of the parameters. In the case of Huelva, profit per boat is reduced by nearly 40% and 

the earnings of the fishermen are also adversely affected, falling by some 13%. The 

Cádiz fleet suffers a reduction of 10% in profits per boat, while fishermens’ earning fall 

by 5%.
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CENSUS OF FISHING BOATS USING PURSE SEINE TECHNIQUE, 
IN THE GULF OF CÁDIZ

Province of Huelva

Ayamonte

Code Nº Name of Boat Registratio
n

Folio

4203 ARJAN HU-1 1238
92010 DECHA DEL MAR HU-1 1278
70104 MARIA DEL ROSARIO HU-3 975
4248 NUEVO SAN RAFAEL HU-1 1269
70171 RIO NAJERA ST-3 1624
12789 RITA HU-1 1146
92045 SANTA QUITERIA HU-1 1237

Isla Cristina

Code Nº Name of Boat Registratio
n

Folio

9502 AUDAZ NUMERO DOS VI-1 1477
7835 CIUDAD DE TARRAUGNA TA-3 2182
9510 CHIRINO VILL-3 9143
10290 DOS HERMANOS HU-2 1262
10308 FAMAO SS-2 1887
22594 HERMANOS FERNANDEZ GONZALEZ HU-2 1-93
6120 JOSE MARIA CA-4 440
11116 JOSULI VILL-4 1468
70073 JOSY BI-1 2786
11009 LOS PRIMOS SANTANA HU-2 1736
951 MADRE AURORA HU-2 1992
15321 MAR BANTRY DOS HU-3 1515
7389 MARIA JOAQUINA DOS CO-7 3312
23993 NUEVO AL ANDALUS HU-2 4-97
11046 NUEVO RICARDIN HU-2 1234
14912 NUEVO USISA HU-3 1469
9623 ORNIS TE-1 3782
10539 PACO Y ANTONIO HU-2 1456
10540 PURIFICACION FONTAN VI-8 208
12583 SANTA ADELA SEGUNDO AM-3 1125
23416 SANTA MARIA PRIMERO HU-2 7-96
10576 SANTIAUG DE FOZ HU-2 2144
23636 SEGUNDO PACO ANTONIO HU-2 8-96
3341 TRIGO VILL-3 8511

Lepe

Code Nº Name of Boat Registratio
n

Folio

10752 ARCO DEL TRIUNFO BI-2 2361
2583 FLOR DEL SUR HU-2 2140
1485 JUAN MANUEL HU-2 1625
12376 PATRONATO VIRGEN DEL CARMEN 1HU-2 1-98
23582 RAFAEL Y CARMEN HU-2 9-96

Huelva

Code Nº Name of Boat Registratio
n

Folio
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14421 HERMANOS REYES HU-2 1999
99509 RIO CARRERAS HU-2 1727

Punta Umbría

Code Nº Name of Boat Registratio
n

Folio

23544 ANTONIO Y ALEJANDRA HU-3 4-97
888 APOLO DIEZ HU-3 1220
23801 BUENA SUERTE DOS HU-3 12-97
10777 CARMEN PATRON HU-2 1589
4526 COLOSO VILL-1 4557
946 GONZALEZ FERNANDEZ HU-3 999
884 HERMANOS CONDE HU-3 1029
903 HERMANOS GONZALEZ HU-3 1177
878 HERMANOS GONZALEZ PRIETO HU-3 1175
864 HERNANDEZ RULL HU-3 828
1482 HIMAR HU-2 1580
22113 HIMAR II HU-3 5-91
931 JOSE MIGUEL SE-1 757
89512 JOVEN LUCIANIN HU-2 1332
1471 JUANITO MADRIGAL HU-2 1638
1986 LOS HERMANOS ALONSO HU-2 1344
10830 LOS RODRIGUEZ HU-3 1021
876 LOS RUBIÑOS HU-3 1472
941 MARIA DE REGLA HU-2 1910
861 MARIA DEL CARMEN HU-2 1526
890 MARIA DEL CARMEN HU-3 1040
11024 MI ILUSION HU-2 1802
10754 MONTE SINAI FE-2 2819
8847 NUEVO MARCIALITO VI-2 1724
22138 NUEVO MARIA TERESA HU-2 3-91
23340 OLIVERA HU-3 2-95
23733 RAUL QUINTO HU-3 9-97
906 RIO JORDAN VILL-1 4280
22110 SEGUNDO HERMANOS VENTURA HU-3 4-91
11430 SERVIOLA TRES VILL-3 8638
1991 ULISES HU-2 1517

Palos de la Frontera

Code Nº Name of  Boat Registratio
n

Folio

3390 BAHIA VILL-4 1638
1990 PALOMA DE LA PAZ HU-3 1432

Province of Cádiz

Sanlúcar de Barrameda (Bonanza)

Code Nº Name of Boat Registratio
n

Folio

8507 ANTEQUERA NUMERO DOS CO-6 2214
5337 BARBANZA SE-1 838
15602 CASARES SE-1 375
5328 ESTRELLA DE BAJO GUIA SE-1 776
2212 JUAN ANGEL VI-5 7704
15357 MANOLO III SE-1 842
11042 MILAGRO DE LA VIRGEN HU-2 1742
9901 MONTECRISTO SE-1 761
5559 NUEVO YOLANDA VILL-1 4083
5154 PEPITA LA AURORA CA-5 1311
937 PONCHE HU-2 1453
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21428 REGLAMAR SE-2 672
70170 RICARDO Y JOSE SE-1 701
9887 SIRENA DEL MAR NUMERO TRES VI-5 8446
911 TOMASIN HU-3 1333
5311 VITALIA CA-2 591

El Puerto de Santa María

Code Nº Name of Boat Registratio
n

Folio

21713 LA PRONTITUD CA-5 1498

Cádiz

Code Nº Name of Boat Registratio
n

Folio

5118 NAUTILUS CU-1 1499

San Fernando

Code Nº Name of Boat Registratio
n

Folio

6121 ANTONIO Y TOMAS CA-4 632
6117 JOVEN LUISA CA-4 592
6107 MARIA MANUELA CA-4 634

Conil de la Frontera

Code Nº Name of Boat Registratio
n

Folio

4913 SEA LO QUE DIOS QUIERA AL-1 497

Barbate

Code Nº Name of Boat Registratio
n

Folio

5229 ALMIRANTE LOBO HU-2 1537
9826 AUREA GARRIDO VI-5 8352
10694 AYACAM CU-1 1415
5225 BAHIA DE BARBATE CA-5 1452
14386 CABO DE ORO AM-1 923
9827 CABO ESPARTEL CA-5 1385
10691 CABO ROCHE AL-2 1801
5144 CALA CA-5 1441
5149 CARMEN OLIVA CA-5 1282
5258 CARMEN Y ASUNCION CA-5 1362
877 CINCO ESTRELLAS CA-5 1494
5141 CONCHITA PIQUER CA-5 1454
5127 CORAZON DE JESUS CA-5 1453
10712 DIEGO CRESPO CA-5 626
10710 DIEGO RODRIGUEZ HU-2 1767
5128 DIEGO Y MILAGROS HU-2 1768
1516 EL CANTON CU-1 1385
5221 EL PILOTO CA-5 1375
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5159 EL ROMERO CA-5 556
23751 EL TORERO CA-5 6-97
5219 EXPLORAMAR CU-1 1524
9828 FRANCISCO E ISABEL CA-5 1298
5622 FRANCISCO Y MARI PAZ CA-5 1403
5157 GAVITAN CA-5 1143
10702 HERMANAS DE LA VOLUNTAD CA-4 94
15670 HERMANOS GARCIA LARA HU-3 1550
24016 HERMANOS INFANTE CA-5 2-97
5222 HERMANOS REYES CA-5 1267
5237 JOSE GALINDO CU-1 1515
10703 JUANI AM-1 890
10711 LOS DOS PACOS CA-5 1450
10999 LOS PRIMOS FERNANDEZ HU-2 1680
10714 MANOLO CID CA-5 988
5139 MARI CARMEN AL-2 1526
5152 MARI IBIZA AL-2 1591
15336 MARI PAZ CA-5 1483
5155 MARIA RUIZ CA-5 1036
5130 MARIA Y ROSA CA-5 996
5224 MI VIDA ST-4 2186
10715 MIRAGENIL HU-3 1003
14419 MOBY DECK AM-2 2093
5153 NICOLAS VARO CA-5 1245
9831 NORAY CA-5 1467
23672 NUEVO AYACAM CA-5 7-97
23143 NUEVO DELFIN CA-5 1-95
24101 NUEVO FRANCISCO ISABEL CA-5 3-98
10708 NUEVO JOAQUIN CID CA-5 1458
5158 NUEVO MARI LUZ CARDENAS CA-5 1444
24199 NUEVO PEPITA AURORA CA-5 8-98
5223 PAPAICO SEGUNDO CA-5 1367
5261 PEDRO VIDAL CA-5 777
5161 PEPILLO AL-2 1794
5150 PUNTA PESCADORES CU-1 1207
5148 RAMONA DE JOYA AM-2 1605
10709 REGLA MARIA CA-5 1455
10704 ROFEMAR AL-2 1674
5160 SAN BERNARDO AL-2 1104
10707 TERCERA ANITA CA-3 1096
9471 TORPEDO PRIMERO HU-3 987
5584 TORRE ROMERAL AL-2 1535
5257 TRAFALGAR CA-5 886
5230 VICTORIA DE JOYA AM-2 1670
5137 VIRGEN DE LA LUZ CA-4 397
5220 VIRGEN DE LA OLIVA CA-5 573
5218 VIRGEN DE REGLA CA-5 1273
5147 YOLANDA Y PAQUI CA-5 1448
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TECHNICAL CHARACTERISTICS  OF THE FLEET

Data given for each boat are as follows (by column from left to right) :
Code Nº, Name of boat (# : laid up), List Nº, Registration Nº, Folio Nº, Gross registered tonnage
(GRT), Gross tonnage (GT), Total length in metres (L), Engine size in HP, Year of construction,
and Home port.

Provincia de Cádiz

Code Name of Boat L Reg Nº Folio GRT GT L HP Year Home Port
14386 CABO DE ORO 3 AM-1 923 49,01 52,00 18,48 402 1985 Barbate
9827 CABO ESPARTEL 3 CA-5 1385 98,58 85,00 19,78 380 1968 Barbate
10691 CABO ROCHE# 3 AL-2 1801 98,58 85,00 19,20 410 1969 Barbate
5144 CALA 3 CA-5 1441 40,66 33,00 14,70 286 1975 Barbate
5149 CARMEN OLIVA 3 CA-5 1282 39,32 34,00 15,36 443 1958 Barbate
5258 CARMEN Y ASUNCION 3 CA-5 1362 63,53 56,00 19,01 430 1964 Barbate
5141 CONCHITA PIQUER 3 CA-5 1454 47,32 88,00 18,41 410 1962 Barbate
1516 EL CANTON 3 CU-1 1385 72,43 69,00 19,00 425 1956 Barbate
5221 EL PILOTO 3 CA-5 1375 62,05 55,00 18,91 430 1966 Barbate
9898 FRANCISCO E ISABEL# 3 CA-5 1298 42,04 42,00 16,07 365 1959 Barbate
5622 FRANCISCO Y MARI PAZ# 3 CA-5 1403 91,80 81,00 19,80 506 1962 Barbate
15670 HERMANOS GARCIA LARA 3 HU-3 1550 49,86 49,00 17,81 293 1987 Barbate
5222 HERMANOS REYES 3 CA-5 1267 53,23 35,00 18,10 410 1958 Barbate
10703 JUANI 3 AM-1 890 57,52 51,00 17,08 430 1974 Barbate
10714 MANOLO CID 3 CA-5 988 67,19 40,00 17,00 350 1948 Barbate
15336 MARI PAZ 3 CA-5 1483 19,90 21,00 12,08 152 1987 Barbate
5155 MARIA RUIZ 3 CA-5 1036 69,31 65,28 18,00 365 1950 Barbate
14419 MOBY DECK 3 AM-2 2093 45,04 47,00 17,44 450 1985 Barbate
5153 NICOLAS VARO 3 CA-5 1245 43,07 37,77 15,60 277 1957 Barbate
9831 NORAY 3 CA-5 1467 59,14 52,00 17,49 400 1971 Barbate
23672 NUEVO AYACAM 3 CA-5 7-97 49,33 66,38 20,04 430 1997 Barbate
23143 NUEVO DELFIN 3 CA-5 1-95 14,10 18,59 12,05 159 1995 Barbate
24101 NUEVO FRANCISCO ISABEL 3 CA-5 3-98 42,04 66,45 20,18 316 1998 Barbate
10708 NUEVO JOAQUIN CID 3 CA-5 1458 44,42 48,00 16,10 442 1982 Barbate
5158 NUEVO MARI LUZ CARDENAS 3 CA-5 1444 44,19 41,00 15,15 400 1978 Barbate
24199 NUEVO PEPITA AURORA 3 CA-5 8-98 32,45 59,01 15,50 270 1999 Barbate
5161 PEPILLO 3 AL-2 1794 42,88 39,00 16,13 330 1959 Barbate
10709 REGLA MARIA 3 CA-5 1455 71,86 77,00 20,18 624 1981 Barbate
10707 TERCERA ANITA 3 CA-3 1096 61,55 55,00 17,59 402 1977 Barbate
9471 TORPEDO PRIMERO 3 HU-3 987 9,98 9,36 12,20 100 1963 Barbate
5584 TORRE ROMERAL 3 AL-2 1535 93,73 83,00 19,80 402 1950 Barbate
5257 TRAFALGAR 3 CA-5 886 38,48 37,00 16,03 280 1944 Barbate
5220 VIRGEN DE LA OLIVA 3 CA-5 573 60,33 60,00 18,50 430 1929 Barbate
5147 YOLANDA Y PAQUI# 3 CA-5 1448 63,83 49,00 19,45 400 1949 Barbate
5118 NAUTILUS 3 CU-1 1499 66,04 57,13 18,93 500 1960 Cádiz
21947 NUEVA REGLA MARIA 3 CU-1 1-91 34,98 36,00 16,37 170 1991 Ceuta
4913 SEA LO QUE DIOS QUIERA 3 AL-1 497 24,32 17,20 12,50 140 1951 Conil
21713 LA PRONTITUD 3 CA-5 1498 39,13 49,00 17,18 195 1990 El Puerto
5154 PEPITA LA AURORA# 3 CA-5 1311 32,45 29,00 14,00 275 1959 Sanlúcar
14539 ATILA 3 AM-1 925 25,17 45,48 14,20 275 1985 Adra
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Province of Huelva

Code Name of  Boat L Reg Nº Folio GRT GT L HP Year Home Port 
23544 ANTONIO Y ALEJANDRA 3 HU-3 4-97 8,08 11,46 12,10 95 1997 Punta Umbría
23801 BUENA SUERTE DOS 3 HU-3 12-97 6,41 9,58 11,87 33 1997 Punta Umbría
10777 CARMEN PATRON 3 HU-2 1589 8,69 7,40 9,00 80 1962 Punta Umbría
4526 COLOSO 3 VILL-1 4557 7,10 11,73 10,40 99 1982 Punta Umbría
946 GONZALEZ FERNANDEZ 3 HU-3 999 13,28 10,83 10,45 110 1963 Punta Umbría
884 HERMANOS CONDE 3 HU-3 1029 14,59 13,73 10,34 145 1963 Punta Umbría
903 HERMANOS GONZALEZ 3 HU-3 1177 13,02 12,54 10,50 130 1967 Punta Umbría
878 HERMANOS GONZALEZ PRIETO 3 HU-3 1175 13,33 13,15 8,25 128 1967 Punta Umbría
864 HERNANDEZ RULL 3 HU-3 828 7,08 5,60 8,00 37 1955 Punta Umbría
931 JOSE MIGUEL 3 SE-1 757 17,78 19,81 10,50 189 1974 Punta Umbría
10830 LOS RODRIGUEZ 3 HU-3 1021 9,75 9,58 9,00 128 1963 Punta Umbría
876 LOS RUBIÑOS 3 HU-3 1472 21,20 29,26 12,45 287 1971 Punta Umbría
890 MARIA DEL CARMEN 3 HU-3 1040 10,93 9,86 9,00 110 1963 Punta Umbría
11024 MI ILUSION 3 HU-2 1802 11,15 9,44 9,70 114 1971 Punta Umbría
10754 MONTE SINAI 3 FE-2 2819 19,23 29,45 14,80 160 1974 Punta Umbría
8847 NUEVO MARCIALITO 3 VI-2 1724 6,94 5,75 10,00 90 1962 Punta Umbría
23340 OLIVERA# 3 HU-3 2-95 10,50 11,01 10,40 100 1995 Punta Umbría
23733 RAUL QUINTO 3 HU-3 9-97 19,45 26,80 15,00 120 1997 Punta Umbría
906 RIO JORDAN 3 VILL-1 4280 17,62 14,67 13,00 160 1972 Punta Umbría
22110 SEGUNDO HERMANOS VENTURA 3 HU-3 4-91 15,67 18,63 10,70 120 1991 Punta Umbría
1991 ULISES 3 HU-2 1517 10,21 7,80 9,30 100 1958 Punta Umbría
11116 JOSULI 3 VILL-4 1468 48,14 43,46 17,00 300 1962 Isla Cristina
951 MADRE AURORA 3 HU-2 1992 19,11 15,45 12,95 182 1963 Isla Cristina
7389 MARIA JOAQUINA DOS 3 CO-7 3312 12,46 10,03 11,50 160 1975 Isla Cristina
23993 NUEVO AL ANDALUS 3 HU-2 4-97 18,19 22,44 14,10 90 1997 Isla Cristina
10540 PURIFICACION FONTAN 3 VI-8 208 19,41 19,58 13,50 169 1964 Isla Cristina
23416 SANTA MARIA PRIMERO 3 HU-2 7-97 15,95 20,78 12,95 127 1996 Isla Cristina
10576 SANTIAUG DE FOZ 3 HU-2 2144 22,05 32,54 13,50 200 1965 Isla Cristina
3341 TRIGO 3 VILL-3 8511 12,12 8,51 12,00 200 1970 Isla Cristina
2583 FLOR DEL SUR 3 HU-2 2140 9,94 11,91 10,50 100 1976 Lepe
14421 HERMANOS REYES 3 HU-2 1999 16,04 19,48 10,75 160 1985 Huelva
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PORTUGAL

Name
Registration 
Number

Year
 
Built

Hull
Materia
l

Lengt
h

Gross
Tonnag
e

Powe
r
(HP)

Technique or 
Net

Nº of 
crew

Mirita AL - 12 - C 1963 Wood 17,5 391,1 230,0 Purse seine 10
Santa do Mar AL - 372 - C 1961 Wood 13,4 305,3 165,0 Purse seine 12
São João Batista LG - 666 - C 1954 Wood 14,4 33,3 182,0 Purse seine 14
Virgem te Guie LG - 725 - C 1951 Wood 11,7 20,3 190,0 Purse seine 14
Bem Haja LG - 434 - C 1979 Wood 8,9 7,5 59,0 Various* 6
Carlos Jorge LG - 43 - C 1963 Wood 7,9 6,7 46,0 Various* 5
Praia da Arrifana LG - 1125 - C 1963 Wood 9,6 9,5 36,0 Various* 5
Tentativa Feliz LG - 1274 - C 1996 Fibre 13,0 9,9 90,0 Various* 5
Ano de Cristo LG - 045 - C 1976 Wood 8,5 7,6 64,0 Various* 6
Trevo de Sagres LG - 056 - C 1963 Wood 8,2 11,1 64,0 Various* 6
Hilário LG - 057 - C 1957 Wood 7,4 5,7 50,0 Various* 5
Nova Amélia FZ - 308 - C 1961 Wood 8,5 6,4 42,0 Various* 6
Linda Estrela F - 82 - C 1968 Wood 9,8 11,5 100,0 Various* 7
Odete F - 76 - C 1986 Wood 8,0 5,4 35,0 Various* 5
Paulo e Sergio F - 65 - C 1962 Wood 9,4 10,8 110,0 Various* 10
Pérola do Oceano F - 934 - C 1966 Wood 10,9 12,8 112,0 Various* 5
Poema do Mar F - 68 - C 1967 Wood 13,5 27,2 190,0 Various* 10
Alecrim O - 25 - C 1961 Wood 16,8 35,4 300,0 Purse seine 17
Danúbio O - 74 - C 1950 Wood 11,6 16,1 98,0 Purse seine 9
Nova Srª da Piedade O - 33 - C 1958 Wood 18,0 44,7 250,0 Purse seine 16
Restauração O - 47 - C 1965 Wood 17,5 38,3 250,0 Purse seine 17
Pesquisador O - 145 - C ? Wood 10,7 13,5 98,0 Purse seine 7
Adilia Maria O - 1832 - C ? Wood 9,7 8,9 55,0 Various* 5
Bela Harmona O - 1612 - C 1962 Wood 8,5 6,7 70,0 Various* 9
Cigano do Mar O - 2061 - C 1970 Wood 14,7 32,9 240,0 Various* 14
Lena O - 196 -C 1961 Wood 15,0 29,7 205,0 Various* 13
Poeta do Império O - 2057 - C 1966 Wood 14,1 28,0 172,0 Various* 12
Praia dos Estudantes O - 119 - C ? Wood 9,4 5,4 91,0 Various* 4
Nova Salema O - 0002 - C 1953 Wood 13,4 27,9 135,0 Various* 13
Costa do Sul O - 0180 - C 1957 Wood 13,6 15,6 112,0 Various* 10
Rio Odiel O - 346 - C 1937 Wood 14,9 25,9 230,0 Various* 12
Selma O - 252 - C 1971 Wood 14,9 29,7 119,0 Various* 13
Amuras PM - 1105 - C 1951 Wood ? 36,4 300,0 Purse seine 14
Arrifana PM - 1032 - C 1966 Wood 17,6 41,0 390,0 Purse seine 16
Farilhão PM - 659 - C 1951 Wood 19,1 50,8 415,0 Purse seine 12
Pescanova PM - 797 - C ? Wood 19,2 62,0 379,0 Purse seine 6
Portugal Primeiro PM - 555 - C 1911 Wood 20,1 51,0 370,0 Purse seine 16
Portugal Quinto PM - 255 - C 1960 Wood 17,6 44,6 270,0 Purse seine 15
Portugal Sétimo PM - 207 - C 1957 Wood 18,6 43,6 365,0 Purse seine 14
Sagrado Seja PM - 269 - C 1977 Wood 8,6 6,7 46,0 Purse seine 8
Augusta de Sousa PM - 250 - C ? Wood 7,3 7,3 77,0 Various* 5
Fada de Sagres PM - 437 - C 1962 Wood 8,4 7,4 50,0 Various* 5
Lazarela PM - 21 - C 1967 Wood 9,2 10,9 98,0 Various* 6
Menina Vanessa PM - 1135 - C 1997 Metal ? 24,6 160,0 Various* 6
Rio Mira PM - 501 - C 1963 Wood 12,8 22,4 120,0 Various* 5
Riviera PM - 0226 - C 1968 Wood 15,2 25,0 115,0 Various* 7
Sonho do André PM - 1107 - C 1995 Metal 12,2 24,5 140,0 Various* 9
Milita Q - 829 - C 1962 Wood 15,4 31,9 300,0 Purse seine 10
Proa ao Mar Q - 1042 - C 1980 Fibre 13,6 29,5 195,0 Purse seine 13
Santa Elisa Q - 945 - C 1971 Wood ? 35,3 365,0 Purse seine 14
Luizana Q - 756 - C 1962 Wood 8,3 7,2 79,0 Various* 4
Aventureiro Sa - 496 - C 1959 Wood 15,5 29,9 300,0 Various* 14
Pérola de Sagres Sa - 215 - C 1965 Wood 11,3 17,2 170,0 Various* 10
Deus dá Sorte Sa - 485 - C 1993 Wood ? 12,0 115,0 Various* 8
Boateca T - 64 - C 1981 Fibre ? 18,9 170,0 Various* 6
Nove Primos T - 15 - C 1973 Wood 12,5 20,2 190,0 Various* 12
Nova Pantera T - 088 - C 1964 Wood 13,6 24,5 190,0 Various* 8
Estrela do Faralhão T - 175 - C 1960 Wood 9,3 9,7 70,0 Various* 5
Safari T - 712 - C 1995 Fibre ? 16,7 132,0 Various* 4
Os cinco irmãos T - 073 - C 1956 Wood 7,6 6,6 46,5 Various* 6
Bom Fim T - 077 - C 1965 Wood 8,9 10,0 80,0 Various* 5
Ás do Mar VR - 484 - C 1995 Fibre 22,0 106,2 500,0 Purse seine 12
Pérola Algarvia VR - 90 - C 1962 Wood 18,8 48,2 379,0 Purse seine 14
Princesa do 
Guadiana VR - 69 - C 1960 Wood 16,8 28,4 240,0 Purse seine 14

Saguim VR - 490 - C 1929 Wood 12,1 17,6 110,0 Various* 11
Estrela do Sul VR - 493 - C 1949 Wood 17,0 41,6 250,0 Purse seine 17
Cristovão José VR - 183 - C 1958 Wood 12,7 12,8 110,0 Various* 4
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MEMBERSHIP OF THE OPP-37 PRODUCERS’ ASSOCIATION

Name of  Boat Name of Owning Company
CABO DE ORO P. CABO DE ORO S.L
CABO ESPARTEL P. CABO ESPARTEL Y CIA
CALA P.CABO ESPARTEL S.L
CARMEN OLIVA P. CARMEN OLIVA Y CIA
CONCHITA PIQUER P. CONCHITA PIQUER Y CIA
EL CANTÓN P. EL CANTÓN Y CIA
EL PILOTO P. EL PILOTO Y CIA
HERMANOS GARCIA LARA P. HERMANOS GARCIA LARA Y CIA
HERMANOS REYES BEATRIZ RIVERA POZO
JUANI BAESIPPO DE NAVEGACIÓN S.L
MANOLO CID P. MANOLO CID S.L
MARIA RUIZ P. VARO S.L
NICOLÁS VARO P. VARO S.L
NORAY ANTOÑIN S.L
NUEVO AYACAM P. NUEVO AYACAM S.L
NUEVO FRANCISCO  ISABEL P. FRANCISCO E ISABEL Y CIA
NUEVO JOAQUÍN CID P. NUEVO JOAQUÍN CID Y CIA
NUEVO PEPITA AURORA JOSÉ VEGA REYES
PEPILLO P. QUINTINO S.L
REGLA MARÍA P. REGLA MARÍA S.L
TERCERA ANITA P. TERCERA ANITA S.L
TORRE ROMERAL P. TORRE ROMERAL S.L
TRAFALGAR P. TRAFALGAR S.L
VIRGEN DE LA OLIVA P. VIRGEN DE LA OLIVA Y CIA
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CATCHES LANDED DURING THE PERIOD1998-1999.

Province of Cádiz. Sardine. 1998.

Boat Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Cabo de Oro 0 3300 2580 1980 0 0 40230 37005 18855 103950
Cabo Espartel 2220 649 7499 5552 0 7155 0 23075

Cabo Roche 3975 2755 4320 4980 0 16030

Cala 525 2325 1365 3390 1350 60 2805 60 13830 27088 52798

Carmen Oliva 9936 1845 0 120 1155 6285 19341

Carmen y Asunción 0 2664 4485 8008 9519 540 3150 7590 10350 80843 0 127149

Conchita Piquer 885 4534 306 4192 33780 43697

El Cantón 1365 9135 10755 11085 28185 0 60525

El Piloto 2065 22710 29430 34710 88915

Francisco e Isabel 0 5025 165 10440 15630

Francisco y Mari Paz 0 405 405

Hermanos García Lara 1380 8073 16185 12570 0 38208

Hermanos Reyes 11445 4905 8835 29550 54735

Juani 14640 23430 11370 15 9075 9510 8415 24455 34665 2269 137844

La Prontitud 17445 25588 14797 11353 10499 28223 107905

Manolo Cid 300 1230 2985 1195 5490 8931 60 9270 0 29461

María Ruiz 1830 12195 0 14025

Moby Deck 1774 22455 11280 240 14340 50089

Nautilus 16680 0 1020 0 735 0 18435

Nicolás Varo 990 1995 1620 255 2100 810 0 630 0 19095 15390 42885

Noray 0 0

Nueva Regla María 16695 7785 20340 44820

Nuevo Ayacam 8805 61065 23227 1335 3660 4620 102712

Nuevo Joaquín Cid 53190 16860 4710 0 17565 2010 15930 38250 31290 179805

Nvo Mari Luz Cárdenas 13642 2910 300 4509 14385 5460 39165 80371

Pepillo 2835 0 0 1200 26550 23798 26760 27555 10605 119303

Pepita la Aurora 33771 15645 3975 5761 0 0 12465 4980 25455 30615 132667

Regla María 2112 29186 55545 75048 161891

Tercera Anita 20640 15481 2068 1320 0 0 7740 0 47249

Torre Romeral 0 6240 2505 2866 795 0 0 12406

Trafalgar 26895 30144 57039

Virgen de la Oliva 75 3075 12852 7080 23082

Yolanda y Paqui 35850 14610 2685 1710 11745 66600
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Province of Cádiz. Sardine. 1999.

Boat Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Atila 20666 7408 19305 14895 28665 54555 76740 56640 37695 316569
Cabo de Oro 13980 59505 63660 137145

Cabo Espartel 1965 10414 3419 81420 68280 165498

Cala 20460 17115 24690 12330 22380 0 0 3285 49215 28125 177600

Carmen y Asunción 19725 18000 36854 14132 22395 7605 27760 14895 161366

Conchita Piquer 11595 30900 28755 68910 56325 196485

El Cantón 3735 120 3855

El Piloto 7590 43605 55500 106695

Hermanos García Lara 15045 25645 22395 47985 111070

Hermanos Reyes 1680 6270 4290 13180 25590 51010

Juani 25095 38475 29880 24315 2385 17970 3375 40875 20715 40755 243840

La Prontitud 23355 8115 31470

Manolo Cid 18090 20250 0 38340

Mari Paz 1995 1995

María Ruiz 15270 9255 13395 45150 6435 89505

Moby Deck 29160 14550 16620 24990 37245 122565

Nautilus 8655 29880 24930 11280 1860 9375 58845 3825 148650

Nicolás Varo 0 9480 24270 9690 10845 675 18570 16875 90405

Noray 20193 15135 6510 4620 19530 14870 6915 87773

Nueva Regla María 28035 7875 6450 42360

Nuevo Ayacam 19350 40950 23595 6780 19290 76950 186915

Nuevo Delfín 1710 12005 10845 9434 5130 21095 27780 4800 20850 41475 155124

Nuevo Francisco Isabel 6345 18704 26551 7348 16200 0 75148

Nuevo Joaquín Cid 61845 15510 15105 135 0 0 1470 61755 84315 240135

Nvo Mari Luz Cárdenas 16335 19035 18000 53370

Nuevo Pepita Aurora 10350 2700 13050

Pepillo 50580 32235 21090 0 25095 8160 137160

Pepita la Aurora 36570 22095 15075 15120 88860

Regla María 2070 11685 97890 95295 206940

Tercera Anita 16590 7290 12510 8580 1305 0 0 46275

Torpedo I 8385 1185 9570

Torre Romeral 24570 13740 41175 7725 9270 0 76485 36480 209445

Trafalgar 30795 18825 6884 18585 1290 76379

Virgen de la Oliva 17171 7125 51210 41115 116621
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Province of Huelva. Sardine. 1998.

Boat Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Antonio y AleJandra 3818 4820 2578 1598 1963 1344 5178 5375 13996 5297 557 2238 48762
Buena Suerte Dos 2991 4421 496 1248 1239 3375 7456 0 9877 12498 7591 2154 53347

Carmen Patrón 2261 1996 1413 3782 4852 1725 3179 597 580 2903 23288

Coloso 2366 1595 1229 3316 7656 3207 7245 2889 5451 3496 38451

Flor del Sur 2305 2208 519 3912 6757 9043 5737 1436 321 2783 35022

González Fernández 2510 3624 3771 2590 2784 2064 7292 3001 2310 776 416 2972 34109

Hermanos Conde 6747 6425 1504 3518 2269 5427 14588 7954 25961 17192 12899 14979 119462

Hermanos González 4258 6666 4848 3126 2454 3486 7971 7268 14958 7219 2630 4927 69810

Nos González Prieto 7015 9907 4616 5101 3113 6896 12144 9757 28347 13594 4542 5068 110100

Hermanos Reyes 865 1663 453 0 200 2770 200 960 7111

Hernández Rull 475 584 1249 618 167 145 618 802 0 360 313 5332

José Miguel 4440 5632 4607 2921 4158 6870 12546 10410 35449 17187 15488 10560 130267

Josuli 589 13704 13706 370 320 28688

Los Rodríguez 1419 1920 2860 1661 2783 1274 5334 8769 5584 2139 1494 4681 39918

Los Rubiños 9935 8876 7460 5357 31628

Madre Aurora 0 0 789 8373 5197 3333 17692

María del Carmen 1812 1679 1620 933 1331 1679 3585 2015 1068 355 402 151 16629

María Joaquina Dos 124 4142 2262 417 3526 2319 16862 7027 13519 1173 962 1154 53484

Mi Ilusión 2257 2262 2048 856 1128 2735 6906 3177 5909 677 966 3740 32661

Monte Sinaí 6994 8415 1635 6598 5189 7595 15763 6574 23184 12288 7652 7423 109310

Nuevo Al Andalus 2405 4100 940 7033 5446 19924

Nuevo Marcialito 2837 3509 2209 1247 2962 2638 8318 5807 3302 1129 2276 5777 42010

Nuevo María Teresa 3819 7557 5061 1148 1683 4793 7601 6225 17380 17316 17960 9308 99850

Olivera 558 1621 2414 1609 1627 2768 3888 3721 6389 1424 435 26451

Purificación Fontán 0 0 764 4787 7444 230 13224

Raúl Quinto 7224 7223 6491 2530 979 8623 16184 13439 36177 9676 12311 4270 125126

Río Jordán 2068 2665 2731 788 1641 1152 7059 6970 5512 1941 1430 1640 35596

SantiAug de Foz 836 672 2574 484 336 6538 5616 7900 8287 1463 34707

Sdo Hermanos Ventura 1119 6048 5459 4087 3451 7663 14444 13845 25925 20845 8194 8463 119543

Ulises 1578 2220 1591 1534 874 2795 6064 2148 2430 872 1907 1019 25030
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Province of Huelva. Sardine. 1999

Boat Jan Feb Mar April May June July Aug Sep Oct Nov Dec Total

Antonio y AleJandra 5547 2794 1838 2542 3985 2111 18816
Buena Suerte Dos 4630 6003 1302 2652 1039 6404 22031

Carmen Patrón 3512 1660 246 1368 1525 8312

Coloso 2888 2819 183 585 3567 2768 12809

Flor del Sur 2818 2384 0 171 1404 0 6777

González Fernández 5976 3722 1517 1297 1590 1616 15717

Hermanos Conde 8571 9736 4861 5408 8091 5064 41731

Hermanos González 2760 4110 836 1171 3777 4521 17175

Hnos González Prieto 4609 6428 4086 2936 3700 3904 25663

Hermanos Reyes 670 1183 1853

Hernández Rull 453 78 531

José Miguel 10056 9123 4147 5875 9504 4141 42846

Josuli 0 0 3501 3501

Los Rodríguez 4403 4435 537 1494 5697 2904 19469

Los Rubiños 2374 3910 6467 3510 3240 2083 21584

Madre Aurora 1512 1337 2849

María del Carmen 3176 2617 366 1341 1728 1252 10479

María Joaquina Dos 3412 2780 3066 872 3670 5473 19273

Mi Ilusión 4332 3064 682 1371 1699 2764 13913

Monte Sinaí 10803 10566 6268 2070 7008 6783 43496

Nuevo Al Andalus 0 4764 4764

Nuevo Marcialito 3905 2032 314 1330 3362 4982 15925

Nuevo María Teresa 9742 13958 3327 4543 13339 6877 51786

Olivera 187 2352 3099 4426 10064

Purificación Fontán 666 586 0 1920 3172

Raúl Quinto 8516 12219 1878 2214 1665 3147 29639

Río Jordán 4206 3396 916 2260 2322 4713 17813

Santa María Primero 1742 3207 2332 1573 7842 16695

SantiAug de Foz 6148 18046 3798 2634 4728 9229 44583

Sdo Hermanos Ventura 10749 13058 3888 5022 6207 5885 44808

Trigo 5757 6236 2249 2372 3647 3665 23925

Ulises 3033 3229 424 1057 2708 2180 12631

186



Province of Cádiz. Anchovy 1998.

Boat Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Cabo de Oro 7260 38695 49920 36585 4710 2580 74315 86886 61702 362653
Cabo Espartel 44040 31207 66298 49686 900 38366 1905 232402

Cabo Roche 27090 39699 69384 48623 6188 190984

Cala 18510 38280 69919 48225 6675 47295 13245 41805 88346 44374 416674

Carmen Oliva 10547 27240 16380 8745 13083 57225 133220

Carmen y Asunción 1125 40705 30622 57183 26085 3480 42256 34467 16155 53856 9390 315324

Conchita Piquer 25773 46610 83874 43225 62270 261752

El Cantón 59695 79815 65958 33210 16245 9375 264298

El Piloto 0 0 64397 98925 50730 214052

Francisco e Isabel 1455 11295 28035 38835 79620

Francisco y Mari Paz 5655 1035 6690

Hermanos García Lara 28740 70577 73973 109948 10575 293813

Hermanos Reyes 7155 37392 89955 49277 183779

Juani 1995 10526 30355 35865 43550 27315 61390 62474 37438 17297 328205

La Prontitud 1665 17186 33306 77594 65056 24353 219160

Manolo Cid 2103 45833 22065 39585 73055 49000 23900 19470 2775 277786

María Ruiz 51705 14325 15775 81805

Moby Deck 4220 12753 33703 5640 53095 109411

Nautilus 600 5265 16425 7560 36353 8025 74228

Nicolás Varo 12675 42511 32460 47045 35996 7365 55066 55078 49755 77468 39922 455341

Noray 6297 6297

Nueva Regla María 8730 41958 30990 81678

Nuevo Ayacam 0 18399 54311 3090 0 4185 79985

Nuevo Joaquín Cid 4950 5604 37170 30735 30405 41565 19800 71979 150 242358

Nvo Mari Luz Cárdenas 13321 9744 37005 64864 43773 4425 20565 193697

Pepillo 23025 6720 13118 34329 58595 52387 45351 56911 5400 295836

Pepita la Aurora 6103 14098 30497 17715 14220 32320 58590 55405 45390 61065 335403

Regla María 19685 67347 93596 56651 237279

Tercera Anita 9502 9323 39733 26083 6540 13050 20555 3915 128701

Torre Romeral 5205 43659 62788 55912 6135 1260 3015 177974

Trafalgar 51864 34659 86523

Virgen de la Oliva 2220 5790 46915 60045 114970

Yolanda y Paqui 4245 11932 18810 39474 35625 110086
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Province of Cádiz. Anchovy. 1999.

Boat Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Atila 16283 35627 67517 34170 44160 24340 14355 9645 1635 247732
Cabo de Oro 11625 35325 23355 70305

Cabo Espartel 7170 52309 35881 27870 16035 139265

Cala 31680 47325 25692 55545 86415 6015 15645 0 30795 21030 320142

Carmen y Asunción 6195 37131 34088 25760 48677 8910 5010 0 165771

Conchita Piquer 0 58485 44490 36015 16905 155895

El Cantón 2505 8820 11325

El Piloto 46485 32745 17505 96735

Hermanos García Lara 66320 49818 63270 43005 570 222983

Hermanos Reyes 9360 2340 35250 50720 24230 6570 128470

Juani 13235 23265 33435 11957 1890 56548 48250 31165 4260 15015 239020

La Prontitud 29090 9285 38375

Manolo Cid 46091 390 5880 52361

Mari Paz 9315 9315

María Ruiz 48045 55515 57260 46860 1515 209195

Moby Deck 44258 37510 42240 61155 31115 4755 221033

Nautilus 6060 47502 38655 3690 21195 42180 32340 825 192447

Nicolás Varo 14190 49197 24217 7476 65400 2895 5580 9870 178825

Noray 39163 24442 1650 26370 40165 22565 3500 157855

Nueva Regla María 43148 14535 0 57683

Nuevo Ayacam 12386 56115 53625 57364 58980 49875 2010 290355

Nuevo Delfín 2580 10773 14077 23304 20761 16665 22565 0 5985 3000 119710

Nuevo Francisco Isabel 13005 39586 28355 54565 78917 2400 216828

Nuevo Joaquín Cid 12495 33841 55893 19110 19065 7320 315 9375 12690 170104

Nvo Mari Luz Cárdenas 11610 25185 18075 54870

Nuevo Pepita Aurora 62850 6525 69375

Pepillo 17775 24120 1275 690 3510 4215 51585

Pepita la Aurora 17363 18735 32253 19530 87881

Regla María 2865 1050 19390 8640 31945

Tercera Anita 2985 32987 48120 3315 9075 3690 5325 105497

Torpedo I 1400 7174 105 8679

Torre Romeral 20805 38760 26265 51865 67905 6390 25125 11055 248170

Trafalgar 10326 25400 37631 47610 2745 123712

Virgen de la Oliva 38397 32730 17565 13470 102162
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Province of Huelva. Anchovy. 1998.

Boat Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Antonio y AleJandra 1032 1241 2718 2890 2205 4411 3822 2630 1376 2759 2444 812 28339
Buena Suerte Dos 335 764 2527 1438 1313 3544 4806 428 2084 1857 2001 929 22024

Carmen Patrón 1465 1290 1349 1345 336 1705 1905 2240 2027 372 14033

Coloso 1140 1324 134 2068 2132 2039 2259 2194 1373 593 15257

Flor del Sur 603 801 467 236 584 2297 1593 2657 1836 700 11775

González Fernández 431 642 1766 1705 1111 1876 1253 3370 3218 2349 1414 77 19213

Hermanos Conde 563 686 1055 2082 2314 4335 2276 1969 892 968 113 158 17410

Hermanos González 536 668 1903 1622 2154 3801 1785 1765 1096 1368 1278 263 18238

Hnos González Prieto 886 732 2548 3283 4126 3439 3693 3408 1413 1742 1012 350 26630

Hermanos Reyes 80 0 150 600 1460 160 200 0 2650

Hernández Rull 264 544 958 787 0 296 1103 1742 1813 1268 0 8774

José Miguel 576 1228 1880 2360 2849 3016 2948 2876 871 431 192 170 19396

Josuli 240 674 820 0 0 1734

Los Rodríguez 368 716 1383 1189 1342 2042 2026 1320 2207 2265 1627 582 17066

Los Rubiños 352 695 0 178 1225

Madre Aurora 50 60 27 551 288 955 1682 3611

María del Carmen 250 425 829 758 806 2348 816 1204 1620 1814 1433 53 12356

María Joaquina Dos 390 587 2186 1660 1129 4310 253 1052 1506 2990 2525 292 18879

Mi Ilusión 396 468 735 833 1083 1331 1205 1726 1389 1891 1739 80 12876

Monte Sinaí 820 938 281 1731 2119 3701 2955 2404 2176 1626 1479 371 20601

Nuevo Al Andalus 0 0 0 80 0 80

Nuevo Marcialito 369 498 1010 1026 1391 2211 890 2350 1561 2565 1745 358 15972

Nuevo María Teresa 1025 1136 3104 2029 4539 4102 9285 4142 1933 1391 425 547 33657

Olivera 112 369 871 1369 529 996 1296 1360 1475 2375 1446 12199

Purificación Fontán 215 80 0 175 150 73 693

Raúl Quinto 499 736 2376 3469 2262 4741 8366 806 643 87 752 685 25422

Río Jordán 478 521 1298 1003 1843 1301 904 1950 2052 2053 1690 0 15092

SantiAug de Foz 866 1633 1325 40 0 422 0 0 47 4332

Sdo Hermanos Ventura 412 748 2048 1826 2561 3036 1541 1926 1417 888 310 1463 18176

Ulises 514 661 1557 904 956 1765 1345 1838 1852 2123 1681 298 15493
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Province of Huelva. Anchovy. 1999.

Boat Jan Feb Mar April May June July Aug Sep Oct Nov Dec Total

Antonio y AleJandra 578 2259 671 1831 538 1119 6994
Buena Suerte Dos 200 938 518 1808 545 188 4196

Carmen Patrón 497 940 50 1025 151 2663

Coloso 145 344 0 1507 597 40 2633

Flor del Sur 363 2387 84 0 101 0 2936

González Fernández 644 726 648 1130 357 398 3903

Hermanos Conde 318 438 371 2149 288 0 3564

Hermanos González 263 577 553 1582 516 0 3490

Hermanos González Prieto 387 385 0 0 295 170 1237

Hermanos Reyes 0 41 41

Hernández Rull 57 360 417

José Miguel 483 652 612 779 323 0 2848

Josuli 440 740 0 1180

Los Rodríguez 857 1038 308 2939 185 168 5495

Los Rubiños 761 637 0 1714 547 68 3726

Madre Aurora 283 1962 2245

María del Carmen 463 383 143 118 60 0 1166

María Joaquina Dos 525 1940 352 1468 279 68 4631

Mi Ilusión 723 407 468 673 105 0 2376

Monte Sinaí 745 617 0 2342 864 258 4825

Nuevo Al Andalus 143 0 143

Nuevo Marcialito 522 1247 451 396 620 221 3456

Nuevo María Teresa 0 275 940 2535 0 0 3750

Olivera 465 782 283 30 1559

Purificación Fontán 1030 770 1800

Raúl Quinto 1902 217 0 595 65 25 2803

Río Jordán 733 345 415 1067 113 126 2799

Santa María Primero 1040 0 90 70 53 1253

SantiAug de Foz 2330 0 43 0 73 51 2497

Segundo Hermanos Ventura 363 275 242 1107 215 0 2201

Trigo 560 851 766 1427 547 335 4486

Ulises 333 509 520 747 255 0 2364
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CATCHES OF SARDINE, BY BOAT, IN THE LAST THREE YEARS, BY 
MONTH AND YEAR:

Coopalgarvia, Portugal
(kg)

1997 Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Alecrim 16721 31060 36790 40570 37763 69601 92342 117430 145143 102833 20353 23924 734530

Ás do Mar 46185 54060 47640 174027 250858 142780 193649 225584 221136 72950 98770 226065 1753704

Cigano do Mar 450 3845 25175 14599 17600 0 41375 84756 5661730170 32954 52004 359545

Estrela do Sul 34142 44749 3536 64253 95013 73438 123674 128665 165195 71919 56853 131045 992482

Nova S. da Piedade 9900 27893 40969 46993 39842 68332 100747 105005 101438 37617 57704 64367 700807

Pelágico 120 18110 24983 57708 45253 2436 0 0 0 0 0 0 148610

Pérola Algarvia 0 10029 9822 9250 765 19627 26762 25326 61422 117245 7970 8625 296843

Pescanova 20176 32710 45283 45466 63923 28397 60449 22725 0 0 0 0 319129

Poeta do Império 12472 11142 10995 12360 57633 33732 5283687568 73812 20865 7521 62934 443870

Restauração 27866 42321 54457 62835 94744 35601 97989 1020 150142 69048 78226 121953 836202

Santa Elisa 31841 18600 60144 55760 3600 13375 80205 38170 117026 43835 50000 20500 533056

Sueste 18400 30200 38105 46850 0 0 0 0 0 0 0 0 133555

1998 Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Alecrim* 50913 10248 60971 93524 77756 56322 136960 94186 75436 60102 35177 0 751595

Ás do Mar 115675 90825 106285 192190 146836 118400 201645 107310 53715 49714 87100 93930 1363625

Bela Olhão 0 0 0 0 0 0 0 0 0 0 0 1946 1946

Cigano do Mar* 10596 8207 52941 43468 31697 36275 79244 45741 76860 18658 28206 15839 447732

Estrela do Sul* 65610 37701 50188 111046 85792 78652 197980 67396 128697 135001 69850 55837 1083750

Nova S. Da Piedade* 58880 11794 58697 39430 64125 45861 181437 105621 113462 63631 57056 53422 853416

Pérola Algarvia 0 918 16326 52251 53559 29066 49800 64235 73407 107887 73651 21425 542525

Pescanova 0 0 0 13100 43200 30680 8315 21908 63180 3550 5825 8188 197946

Poeta do Império* 37475 4500 20907 28585 29905 4292 58644 570 0 0 0 0 184878

Restauração* 49419 24065 92793 117509 65437 65953 154114 89661 146955 94020 93726 47705 1041357

Santa Elisa 51500 31200 54900 112800 43300 43450 96213 67335 83300 14730 6680 3105 608513

1999 Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Alecrim 24211 11341 4109 63198 25837 58417 77052 37975 6306345085 2450 78790 491528

Ás do Mar 138000 44900 27200 134100 139600 99600 155900 108800 128100 56570 128200 13000 1173970

Bela Olhão 29421 0 2069 32770 28841 13468 20898 29878 38806 22010 33220 43200 294581

Cigano do Mar 18703 0 1315 33602 24224 22972 57535 22874 43898 21940 13600 61490 322153

Estrela do Sul 46525 8485 21473 0 43304 67286 66335 48702 91769 79905 27950 84351 586085

Nova S. Da Piedade 46283 8305 6655 47976 22149 0 39347 79095 46812 42905 30000 100501 470028

Nova Venturosa 0 0 16820 41739 9732 23590 4442 24835 30395 14665 3250 2320 171788

Pérola Algarvia 0 10480 19190 59285 26460 27169 72958 6831562155 66800 54855 47420 515087

Pescanova 1131 4827 4760 60360 30870 43565 56775 36100 6455836970 20350 61397 421663

Restauração 45 14365 23982 70777 66360 75149 101445 43006 63279 65880 56900 82000 663188

Santa Elisa 3500 4300 24000 100800 74900 22860 44099 44000 52300 86000 78300 21000 556059

Barlapescas, Portugal
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1997 Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Portugal 1º 66908 51639 21700 72939 68899 122166 137300 219552 83485 33969 51730 110903 1041190

Portugal 5º 15000 25900 19398 62029 72678 52549 52649 7318039000 34323 73049 60629 580384

Portugal 7º 45400 33100 15800 103640 73919 81280 115829 110658 137806 42300 138247 89280 987259

Farilhão 88314 39749 37449 72070 94783 85924 108010 109058 95264 24049 90249 107569 952488

Mirita 91180 57078 10849 119800 226827 163049 165327 176292145460 14800 126164 161353 1458179

Arrifana 84180 46760 39100 91500 158608 110952 203229 176988 137474 0 0 0 1048791

Proa ao Mar 50384 48200 29400 83849 169599 108227 142221 118680 82649 33773 87404 77269 1031655

Praia da Vitória 10768 11462 5212 7139 2020 1654 6731 44986

Mário Luis 4375 7838 8271 2941 6294 9685 3394 42797

Aventureiro 84300 85798 82880 63668 22949 16500 66700 422795

Virgem te Guie 3235 27686 29555 60476

Santa do Mar 22960 33749 41760 98469

1998 Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Portugal 1º 50809 51000 43650 60406 110290 51150 113737 97766 46750 33600 37650 39500 736308
Portugal 5º 37900 6500 3500 79886 37449 40829 67626 62689 21100 11350 14200 31200 414229

Portugal 7º 40218 48900 62500 68659 24900 42569 88113 105444 40700 33450 54800 43200 653453

Farilhão 49560 26200 45800 66101 3449 21149 84480 80811 23400 39900 43520 41200 525570

Mirita 73536 79000 108154 0 108963 85701 139974 159440 5724052200 81750 74800 1020758

Arrifana 0 0 0 0 120968 118478 207427 210654 93000 42500 0 0 793027

Proa ao Mar 58349 28000 41000 93205 59446 65453 127267 73780 84130 41750 42400 63500 778280

Praia da Vitória 2011 0 0 0 0 0 0 0 0 0 0 0 2011

Mário Luis 4591 1229 20244 24989 18206 9383 27084 26305 25727 17802 20587 2391 198536

Aventureiro 50300 44400 11500 0 0 9920 133200 83200 45520 51650 53500 53000 536190

Virgem te Guie 7576 5695 2907 5337 14875 12733 11780 33439 20361 11843 11330 4124 142000

Santa do Mar 12900 4000 18000 15740 0 12200 30049 57842 35290 9570 18245 16900 230736

Amuras 33363 20749 36600 61861 42144 25729 49449 59958 2458214850 33345 28900 431530

Beatriz Paulo 23750 36776 18045 22039 19699 12357 27481 37393 18624 26993 243157

Deus Dá Sorte 37290 11249 6092 0 1133 55764

1999 Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Mirita 52551 61800 70400 11000 133200 159350 166900 86820 132900 102300 100160 49700 1127081

Portugal 1º 36000 37100 39565 3600 68880 68390 88850 48650 66900 16600 54600 33700 562835

Farilhão 47950 50800 34950 70780 21500 42000 61810 119000 83550 70600 38550 40200 681690

Portugal 5º 22600 26950 5450 31050 18900 10940 0 0 0 0 31150 19300 166340

Portugal 7º 52100 33600 37700 64750 55190 87730 87200 5250074800 53400 64150 34200 697320

Arrifana 0 0 70700 177000 114650 134000 69200 89900 119100 80600 134600 46400 1036150

Proa ao Mar 42100 30100 70900 81300 77000 93600 6000 0 0 0 0 401000

Mário Luis 0 4438 1823 25735 16361 46125 75668 49288 52360 14813 17337 0 303948

Aventureiro 63050 71300 42250 34950 29500 71739 63750 8040038400 42200 81000 27300 645839

Virgem te Guie 1892 1833 2300 2471 18624 11107 17218 22924 24303 35547 11756 1798 151773

Santa do Mar 29800 27600 25710 14500 0 7464 31790 17410 37320 26560 27800 19700 265654

Amuras 27300 50000 30000 33642 62650 79510 40550 18379 514501500 29800 36350 461131

Beatriz Paulo 29545 19508 8746 13755 14157 25921 7110 3080 2660 7000 37417 45787 214686

Deus Dá Sorte 22700 1889 409 391 10516 25908 39177 34788 36900 10268 23000 814 206760

Milita 154 22400 23880 35000 41135 51819 40968 23821 28950 27000 61500 16500 373127

Flôr da Serra 0 0 0 32050 63250 42700 4050 0 0 0 0 0 142050

Flôr da Beira 0 0 0 0 0 0 0 0 0 0 28400 60900 89300

Tentativa Feliz 0 0 0 0 0 0 0 0 42281 8531 6879 27 57718

Mestre Galhardo 0 0 0 0 0 0 0 0 0 0 48360 23996 72356
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FISHING EFFORT (DAYS OF FISHING ACTIVITY) BY BOAT, BY MONTH

Fleet of Cádiz. 1998

Boat Jan Feb Mar April May Jun July Aug Sep Oct Nov Dec Total

Cabo de Oro 2 17 17 15 1 1 21 19 13 106
Cabo Espartel 14 14 19 18 1 8 1 75

Cabo Roche 12 15 19 14 1 61

Cala 6 15 18 19 3 8 6 11 19 11 116

Carmen Oliva 9 16 4 4 14 14 61

Carmen y Asunción 1 18 13 18 19 3 10 7 4 16 1 110

Conchita Piquer 9 16 18 15 17 75

El Cantón 15 17 20 8 8 2 70

El Piloto 3 17 19 10 49

Francisco e Isabel 1 3 8 7 19

Francisco y Mari Paz 2 3 5

Hermanos García Lara 8 13 17 21 3 62

Hermanos Reyes 8 16 18 12 54

Juani 7 9 14 11 15 10 15 15 14 7 117

La Prontitud 6 13 17 15 18 8 77

Manolo Cid 4 15 4 11 15 14 5 6 1 75

María Ruiz 17 5 3 25

Moby Deck 1 12 16 1 10 40

Nautilus 5 2 3 2 6 2 20

Nicolás Varo 5 17 13 11 18 3 8 11 11 20 11 128

Noray 2 2

Nueva Regla María 12 18 7 37

Nuevo Ayacam 1 14 17 1 1 1 35

Nuevo Joaquín Cid 15 12 15 5 8 9 7 18 2 91

Nuevo Mari Luz Cárdenas 9 14 14 17 19 2 10 85

Pepillo 13 2 4 11 16 16 12 16 4 94

Pepita la Aurora 16 11 18 10 4 11 16 17 16 16 135

Regla María 2 20 20 15 57

Tercera Anita 13 11 15 5 3 4 6 1 58

Torre Romeral 2 16 17 19 3 1 1 59

Trafalgar 15 11 26

Virgen de la Oliva 1 2 16 12 31

Yolanda y Paqui 15 10 14 12 19 70

193



Fleet of Huelva. 1998.

Boat Jan Feb Mar April May Jun July Aug Sep Oct Nov Dec Total

Antonio y AleJandra 13 13 21 18 14 17 21 12 19 20 16 10 194
Buena Suerte Dos 10 11 15 12 6 18 19 4 15 19 20 9 158

Carmen Patrón 19 16 12 19 15 14 18 18 15 11 157

Coloso 15 13 4 17 21 16 19 20 16 9 150

Flor del Sur 11 12 7 19 14 14 15 19 13 10 134

González Fernández 9 11 19 15 13 16 19 16 19 18 14 9 178

Hermanos Conde 12 13 11 13 14 19 21 14 18 20 17 14 186

Hermanos González 10 12 17 16 15 20 22 16 18 19 16 11 192

Hermanos González Prieto 12 13 20 16 17 18 22 16 19 21 14 9 197

Hermanos Reyes 3 3 3 1 3 3 1 1 18

Hernández Rull 6 8 19 11 1 5 11 18 14 12 2 107

José Miguel 10 14 18 16 13 19 21 15 18 13 15 12 184

Josuli 1 12 15 1 1 30

Los Rodríguez 10 8 19 16 15 11 21 15 19 15 13 13 175

Los Rubiños 12 16 14 11 53

Madre Aurora 1 1 5 17 14 17 55

María del Carmen 10 11 13 11 10 19 15 15 17 18 12 2 153

María Joaquina Dos 4 10 18 17 14 20 21 12 18 19 16 5 174

Mi Ilusión 10 10 14 10 9 15 20 13 17 18 14 7 157

Monte Sinaí 13 14 5 17 15 22 22 16 21 21 18 14 198

Nuevo Al Andalus 3 7 3 12 10 35

Nuevo Marcialito 10 14 17 14 14 17 21 15 15 19 17 13 186

Nuevo María Teresa 11 11 19 8 13 19 21 15 17 19 18 8 179

Olivera 3 7 16 16 10 13 20 15 17 19 12 148

Purificación Fontán 2 1 1 7 8 1 20

Raúl Quinto 11 13 12 12 11 20 22 13 20 18 14 10 176

Río Jordán 11 11 19 15 14 13 21 13 19 19 15 4 174

SantiAug de Foz 4 7 19 13 2 11 10 12 12 3 93

Segundo Hermanos Ventura 11 12 20 15 15 20 21 16 20 20 17 11 198

Ulises 11 11 19 13 10 18 18 14 19 18 13 6 170
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Fleet of Cádiz. 1999.

Boat Jan Feb Mar April May Jun July Aug Sep Oct Nov Dec Total

Cabo Espartel 2 20 9 15 16 62
Cala 18 15 15 17 20 2 4 1 16 15 123

Carmen y Asunción 6 11 17 14 22 2 8 2 82

Conchita Piquer 2 17 14 17 16 66

Dientes de Oro 8 5 13

El Cantón 1 2 3

El Piloto 1 9 14 16 40

Hermanos García Lara 14 14 19 19 1 67

Hermanos Reyes 2 2 12 18 20 1 55

Juani 7 15 15 8 1 14 18 20 6 17 121

La Prontitud 13 3 16

Manolo Cid 11 2 1 14

Mari Paz 7 7

María Ruiz 9 14 19 21 1 64

Moby Deck 16 12 13 18 22 81

Nautilus 3 18 16 3 8 19 22 1 90

Nicolás Varo 4 11 15 18 20 2 4 10 84

Noray 18 10 2 7 18 17 3 75

Nueva Regla María 15 6 21

Nuevo Ayacam 3 18 14 13 17 20 3 88

Nuevo Delfín 2 13 15 16 11 17 20 1 14 12 121

Nuevo Francisco Isabel 5 15 15 19 21 1 76

Nuevo Joaquín Cid 11 16 14 5 4 3 1 10 18 82

Nuevo Mari Luz Cárdenas 6 8 9 23

Nuevo Pepita Aurora 18 2 20

Pepillo 9 15 8 1 4 2 39

Pepita la Aurora 10 17 14 9 50

Regla María 1 2 16 16 35

Sea lo que Dios Quiera 4 4

Tercera Anita 3 14 13 3 3 2 3 41

Torpedo I 1 11 1 13

Torre Romeral 8 11 16 18 21 2 17 16 109

Trafalgar 8 16 18 21 2 65

Virgen de la Oliva 15 10 13 14 52
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Fleet of Huelva. 1999.

Boat Jan Feb Mar April May Jun July Aug Sep Oct Nov Dec Total

Antonio y AleJandra 12 13 9 8 12 11 65

Buena Suerte Dos 10 11 5 9 7 10 52

Carmen Patrón 12 12 2 8 7 41

Coloso 10 9 5 10 6 40

Flor del Sur 10 14 1 1 7 3 36

González Fernández 12 12 6 8 11 10 59

Hermanos Conde 14 17 9 10 17 15 82

Hermanos González 9 17 8 9 13 12 68

Hermanos González Prieto 12 16 7 8 14 11 68

Hermanos Reyes  2    3 5

Hernández Rull 2 4 6

José Miguel 14 19 8 10 16 12 79

Josuli 1 3 3 7

Los Rodríguez 13 13 4 9 7 9 55

Los Rubiños 11 13 9 8 16 13 70

Madre Aurora 4 11 15

María del Carmen 13 10 3 5 8 8 47

María Joaquina Dos 11 13 5 7 13 12 61

Mi Ilusión 13 10 7 8 10 12 60

Monte Sinaí 14 16 6 9 16 13 74

Nuevo Al Andalus 1 7 8

Nuevo Marcialito 12 11 4 5 14 12 58

Nuevo María Teresa 14 19 8 10 13 12 76

Olivera 5 8 11 10 34

Raúl Quinto 16 19 14 13 12 14 88

Río Jordán 12 14 8 9 12 15 70

Santa María Primero 5 3 3 4 15 30

SantiAug de Foz 9 18 2 3 7 13 52

Segundo Hermanos Ventura 15 18 8 10 15 14 80

Trigo 14 15 8 10 14 14 75

Ulises 14 16 7 6 10 9 62
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Barlapescas

1997 Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Portugal 1º 13 12 14 18 9 15 19 17 14 15 6 9 161

Portugal 5º 4 12 14 20 19 14 17 13 10 10 11 9 153

Portugal 7º 10 14 13 20 17 12 20 12 14 12 11 8 163

Farilhão 11 14 12 13 19 15 16 15 11 12 12 11 161

Mirita 11 13 5 17 18 13 17 14 10 5 9 8 140

Arrifana 10 11 13 18 13 7 16 18 10 0 0 0 116

Proa ao Mar 9 11 10 19 18 13 16 18 11 8 8 9 150

Praia da Vitória 0 0 0 0 0 15 14 17 15 8 9 9 87

Mário Luis 0 0 0 0 0 12 15 11 11 16 10 9 84

Aventureiro 0 0 0 0 0 16 19 15 14 8 6 9 87

Virgem te Guie 0 0 0 0 0 0 0 0 0 18 11 10 39

Santa do Mar 0 0 0 0 0 0 0 0 0 8 9 6 23

1998 Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Portugal 1º 10 9 17 8 19 17 20 17 17 12 16 16 178

Portugal 5º 11 3 1 18 16 17 18 14 10 9 9 9 135

Portugal 7º 11 10 18 13 3 17 19 14 11 13 16 16 161

Farilhão 13 5 15 14 6 8 21 15 10 13 17 17 154

Mirita 12 7 18 0 12 16 19 15 13 12 14 14 152

Arrifana 0 0 0 0 10 17 22 17 17 5 0 0 88

Proa ao Mar 10 10 15 10 14 13 16 15 15 10 9 9 146

Praia da Vitória 4 0 0 0 0 0 0 0 0 0 0 0 4

Mário Luis 9 2 14 10 9 9 17 15 11 14 10 10 130

Aventureiro 14 8 6 0 0 5 22 12 12 19 17 17 132

Virgem te Guie 13 4 8 4 21 18 20 18 10 16 8 8 148

Santa do Mar 5 2 16 9 0 10 21 14 14 9 12 12 124

Amuras 10 6 17 11 18 16 20 16 11 6 10 10 151

Beatriz Paulo 6 10 9 17 15 7 7 8 6 6 91

Deus Dá Sorte 18 5 11 0 0 34

1999 Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Mirita 11 13 15 1 18 17 18 12 18 12 11 9 155
Portugal 1º 3 12 15 1 17 19 19 14 21 8 14 10 153

Farilhão 15 14 15 19 7 5 18 14 18 13 11 10 159

Portugal 5º 6 11 6 7 10 11 0 0 0 0 11 5 67

Portugal 7º 14 7 8 17 17 19 17 11 17 12 15 8 162

Arrifana 0 0 13 16 17 16 13 15 17 11 17 8 143

Proa do Mar 12 8 13 16 14 18 3 0 0 0 0 84

Praia da Vitória 0 0 0 0 0 0 0 0 0 0 0 0 0

Mário Luis 0 6 5 11 16 15 11 10 9 7 3 0 93

Aventureiro 12 16 9 10 11 18 17 17 11 9 9 7 146

Virgem te Guie 8 7 8 5 20 17 19 16 17 11 16 6 150

Santa do Mar 8 13 14 11 0 6 19 17 17 10 14 8 137

Amuras 10 13 10 12 16 18 15 11 13 1 7 10 136

Beatriz Paulo 19 10 5 3 4 6 4 1 2 1 14 12 81

Deus Dá Sorte 7 4 4 2 12 15 11 10 13 4 8 9 99

Milita 2 12 8 13 15 17 14 13 12 9 14 7 136

Flôr da Serra 0 0 0 10 16 12 2 0 0 0 0 2 42

Flôr da Beira 0 0 0 0 0 0 0 0 0 0 4 9 13

Tentativa Feliz 0 0 0 0 0 0 0 0 11 2 4 8 25

Mestre Galhardo 0 0 0 0 0 0 0 0 0 0 6 6 12

Coopalgarvia
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1997

Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Alecrim 5 20 18 20 17 17 18 22 21 21 9 3 191

Ás do Mar 13 16 11 12 14 7 18 15 12 10 12 11 151

Cigano do Mar 1 17 20 20 14 0 12 22 20 18 15 11 170

Estrela do Sul 14 19 5 21 23 17 18 22 21 21 17 11 209

Nova S. da Piedade 9 21 20 21 15 17 18 22 15 21 18 11 208

Pelágico 4 10 14 17 17 17 0 0 0 0 0 0 79

Pérola Algarvia 2 12 13 16 17 10 25 22 19 18 10 9 173

Pescanova 7 21 19 21 18 13 13 6 0 0 0 0 118

Poeta do Império 9 21 20 9 22 13 18 22 21 18 6 11 190

Restauração 13 21 20 21 23 18 17 5 21 21 17 8 205

Santa Elisa 14 19 20 22 20 13 15 23 22 21 13 4 206

Sueste 10 15 12 16 17 0 0 0 0 0 0 0 70

1998

Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Alecrim 11 9 16 20 21 16 23 19 21 23 15 0 194
Ás do Mar 13 8 13 15 17 7 23 20 5 17 14 11 163

Bela Olhão 0 0 0 0 0 0 0 0 0 0 0 5 5

Cigano do Mar 7 7 16 19 19 16 23 19 17 23 21 18 205

Estrela do Sul 16 9 11 21 21 16 23 18 21 23 21 17 217

Nova S. da Piedade 16 9 18 17 11 16 23 16 19 23 21 18 207

Pérola Algarvia 0 3 12 16 15 14 23 20 21 22 20 5 171

Pescanova 0 0 4 5 18 9 3 20 18 13 20 18 128

Poeta do Império 14 9 8 19 21 16 23 1 0 0 0 0 111

Restauração 12 9 18 21 19 16 23 19 19 23 21 15 215

Santa Elisa 16 15 15 22 16 18 23 20 22 22 17 15 221

1999

Jan Feb Mar April May June July Aug Sept Oct Nov Dec Total

Alecrim 13 15 14 12 20 18 23 21 15 15 4 12 182

Ás do Mar 14 8 3 18 17 18 20 20 18 10 14 2 162

Bela Olhão 16 11 9 9 20 14 15 21 22 15 18 12 182

Cigano do Mar 8 0 3 12 20 18 23 21 22 14 18 11 170

Estrela do Sul 16 18 15 0 20 18 23 21 21 15 16 12 195

Nova S. da Piedade 16 15 15 14 19 0 23 21 21 15 18 12 189

Nova Venturosa 0 11 18 15 19 15 22 17 16 13 13 9 168

Pérola Algarvia 14 10 7 16 20 18 23 18 22 15 18 12 193

Pescanova 0 0 0 17 15 14 13 20 22 15 3 0 119

Restauração 1 17 16 17 20 18 23 19 22 15 18 9 195

Santa Elisa 19 16 23 21 20 19 23 20 19 13 13 1 207
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