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ABSTRACT 
 
This document describes the Spanish deep-sea fishery performed in international waters on the Hatton Bank and 
proximities (NE Atlantic) during the period 1996-2000. This is a multi-species fishery, carried out by stern bottom 
trawlers, mainly between June and September, in depths mainly between 800 m to 1600 m. The importance of the 
fishing activity in this area is increasing notably. This fishery has been monitored since the beginning in 1996, with 
the collaboration of the fishing industry, by means of a scientific observer programme. The observers on board 
provide data on catches, discards, location and depth, haul by haul. Length samples of the main species and 
biological material are also collected. The species composition of the catches is presented. In terms of weight, the 
roundnose grenadier (Coryphaenoides rupestris) and the bairdii smoothhead (Alepocephalus bairdi i) are the most 
important species in the catches. Other less important species are the Portuguese dogfish (Centroscymnus coelolepis) 
and the blue ling (Molva dypterygia). In addition to the total catch, the composition of the retained catch and the 
discard are studied. For the main retained species, the dressing types are described and the conversion coefficients 
are presented. The length distribution of the catches and the discards, length-weight relationships and other 
biological aspects of some of the main species are analysed. 
 
Keywords:  Deep-sea species, Northeast Atlantic, Hatton bank, bottom trawl, Alepocephalus bairdi i, 

Coryphaenoides rupestris, Centroscymnus coelolepis, Molva dypterygia, discards, conversion 
coefficients, length distribution, length-weight relationships. 

 
INTRODUCTION 

 
Since the early ‘90’s, deep-water fisheries have become relevant for the Spanish fishing fleets particularly for the  
freezer trawlers (Iglesias y Paz, 1995, Piñeiro et al., 2001). In view of the increasing difficulties involved in 
exploiting its traditional demersal resources, this industry set out to take more advantage of accompanying species, 
searching for new grounds and alternative or comp lementary resources. In this setting, where many of the resources 
on the continental platforms were overexploited, in moratorium or subject to strict regulations, activity has gradually 
extended to deep-waters. As regards the search for new resources, recently diverse research activities entailing co-
operation between the Spanish Institute of Oceanography (IEO) and the fishing industry, particularly highlighting 
the deep-water exploratory fishing conducted by commercial vessels, with the scientific planning, monitoring and 
analysis of the IEO. The main objectives of these explorations were to obtain biological information on new species 
and explore the possibilities of exploitation (Durán Muñoz y Román, 2000, Duran Muñoz et al., 2000). Some of 
these experiences have led start new fisheries for the freezer fleet, as is the case of the multi-species deep-sea fishery 
studied in this paper, conducted in international waters on Hatton Bank and proximities (Northeast Atlantic) at 
depths of over 800 m. In this fishery, the main fish species are smoothhead (Alepocephalus bairdi i) and roundnose 
grenadier (Coryphaenoides rupestris), and including a wide variety of species (Table 1), considered “deep-sea 
species” by the Group on the Biology and Assessment of Deep-Sea Fis heries Resources of the International Council 
for the Exploration of the Sea (Anon., 1994). 
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MATERIAL AND METHODS 
 
Area and period studied 
 
This paper studies the geographical area where the deep-water multi-specific fishery of the Spanish freezer trawler 
fleet is developed during the period 1996-2000 (Figure 1). This area is located from 53º 30`N and 59º 30`N, in 
international waters of the Northeast Atlantic Ocean, west of the British Isles. The area mainly covers Hatton Bank 
on the SW side, and the proximities of Fangorn and Lorien Banks further S. These three Banks comprise an 
extensive submarine region of deep-waters known as the Rockall Plateau. Hatton is orientated SW-NE and has an 
elongated configuration. It is separated from the Rockall Bank by the Hatton-Rockall basin. Fangorn and Lorien are 
less extensive areas, both being located to the extreme SW of the Rockall Plateau. Depths mainly ranging from 800 
to 1600 metres were studied in these areas. 
 
Description of the fishing fleet and the gear 
 
During the study period, in this fishing ground was chiefly operated by stern freezer trawlers. In 2000, two pair 
trawlers occasionally operated. The operations of this fleet are based in three ports located in Galicia (Northwest 
Spain). These are high-seas vessels, most having been built in the mid ‘70`s and late `80`s, with autonomy for long 
term sea trips far from their base ports, with overall lengths ranging from 46 to 84 m, power ratings of 800 and 2555 
horsepower, and gross registered tonnages from 264 to 1866 tons (Table 2). Average number of crew on board is 24. 
Figure 2 shows the evolution of the average power rating values and gross tonnage during the study period. It is 
noted that it was the smaller vessels, which initially accessed the fishery, later followed by the more powerful, 
greater tonnage vessels. Ships were equipped with electronic instrumentation monitor the fishing methods and 
detection systems. Fishing activity was followed by satellite, a system set up by the Spanish administration. These 
vessels have a fish plant or processing room with machinery for handling, processing, freezing and packing catch at 
sea. In the factory, the catch in each fishing operation is selected by species and size. Retained catch is processed in 
a highly diverse number of ways, and is placed on trays and ultrafrozen. It is finally packed and stored in coldstore 
holds on board. Bottom trawl gear is used in this fishery, similar to that used in the Spanish NAFO fishery, adapted 
to the topography and depths found on Hatton Bank. Figure 3 shows a general diagram of this type of gear, 
including the trawl doors and groundropes normally used, depending on the preferences of each skipper. 
Groundrope may be fitted with iron bobbins or, alternatively, rubber disks (rockhopper). Long bridles are used and 
polyvalent oval or Viking type trawl doors. The weight of these trawl doors and the size of the gear depend on the 
characteristics of each particular ship. Approximately, vertical opening ranging from 2.5 to 4 metres, and horizontal 
opening from 20 to 40 metres. 
 
Data collecting 
 
Two sources of information have been used in this study: 
 
Data provided by the Spanish Fisheries Administration: Data has been collected on the number of Spanish ships 
authorised to operate on Hatton Bank fishing grounds, with the access and departure dates of each of the vessels 
concerned. This information was used to estimate the number of fishing days and to calculate the following 
ponderation factor applied to estimate commercial Fishing efforts and Catches in terms of the data observed: 

 
Factor = Fishing days/Observed days 

 
Data collected by the Spanish scientific observers: The observer programme for this fishery was established in 1996 
by agreement between the Spanish Fisheries Administration and the Shipowners’ Associations, at the same time 
industrial exploitation commenced. The mission of the observers was to collect the data required for the monitoring 
the fishery (Van Helvoort, 1988). The IEO in Vigo was responsible of the scientific tasks, while funding was taken 
on by the Institute, Administration and the Shipowners’ Associations. Considering the sum total for the study period, 
20% of the total fishing days were sampled, the annual sampling rate fluctuating from 12% in 1999 and 40% in 
1996, (Table 3). A total of 14 observers were put on board, who sampled 29 vessels during 890 fishing days, 
observing 2590 hauls (Table 4). Each observer took note the characteristics of the hauls (haul by haul), such as gear 
used, location (longitude, latitude), time (UTC), depth (m), species caught and discarded (kg live weight), sightings 
and incidental catches of megafauna (where applicable), describing the characteristics of the vessel and the gear 
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used.  Data on positions and depths were obtained from the instruments of the ship. Species were identified with the 
help of specific bibliography. In certain cases, individuals difficult to identify were frozen for subsequent 
classification at the laboratory (Compagno 1984, Cohen et al. 1990, Nielsen et al. 1999, Na kamura et al. 1993, 
Moreno 1995, Whitehead et al. 1984). At the end of each fishing operation, the number and weight of trays 
processed with each species and type of presentation were noted, calculating the catch retained as live weight, 
multiplying the catches processed by the different conversion coefficients. Discards were mainly estimated by 
observation and weighing samples which was extrapolated. Total catch was calculated as the sum of retained catch 
plus discard. On board, calculation of the conversion coefficients of processed weight on live weight was made by 
selecting samples of 40 individuals in the size range processed, which were previously weighed and later processed 
by operators and weighed (Conversion coefficient = sample weight prior to processing / processed weight). The 
coefficients presented in this paper were estimated as the mean of the values calculated on board by the observers, in 
the entire fishing area, during the whole study period. Length frequencies were obtained by taking random samples 
of the main species and measuring individuals with an ichthiometer, separating specimen by sex, measuring the total 
length to the cm below, except in the case of roundnose grenadier, where preanal length was measured to the 0.5 cm 
below and chimaeras, where the length of the dorsal fin end was measured. Length frequency samples were carried 
out on a total of 20 fish species, 8 of which correspond to bony fish species and 12 on cartilaginous species. 
Biological data was obtained by selecting stratified samples by size class, according to IEO protocol (Table 5). 
Biological samples of 17 species were taken, having collected otoliths and ovaries of roundnose grenadier and 
smoothhead. Based on biological sampling, the Length-Weight relationship parameters were estimated, following 
the model:  
 

Weight (g) = a x Length b 
 
To the length at maturity estimates, the proportion of mature females by size were adjusted to a logistic equation 
(Ashton, 1972): 
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where P ˆ is the predicted mature proportion, a and b are the coefficients estimated of the logistic equation and L the 
length. The length at maturity can be estimated as the minus ratio of the coefficients (-a / b) by substituting P ˆ = 0.5 
in equation. The curves fitting have been made using the Statistical package (StatSoft, Inc., 1995).  
 

RESULTS 
 
Fishing effort 
 
This fishery started in the second half of 1996. The Spanish Fisheries Administration regulates access to this fishery, 
on an annual basis, by assigning temporary fishing authorisations. In recent years, activity has gradually increased, 
from the initial 5 ships to a total annual number of 24 in the year 2000. It is important to point out that the presence 
of the majority of these vessels in this fishery has been discontinued, and for the entire duration of the study period, 
the maximum number of active vessels per month was 13 (Table 6). The fishing strategies adopted by the vessels 
were highly varied, the feature in common being that fishing activity was discontinuous since the majority of the 
vessels rotated operating on Hatton Bank and other North Atlantic grounds (NAFO, Reikjanes, Svalbard), according 
to fishing opportunities. As a result of the increase in the number of vessels accessing the grounds, there has been a 
gradual increase in the total number of total days of fishing activity estimated throughout the fishing area during the 
study period (Table 7). Out of the 352 fishing days estimated for the first year, 1363 days were taken up in the year 
2000. Peak activity occurred chiefly between June and September, although an increase in activity and fishing effort 
in the first half of the year is observed. The trend in an increase in number of vessels and fishing days was most 
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evident from 1996 to 1999 (Figure 4). Despite the increase in the number of ships and total fishing effort, the 
average number of fishing days per active vessel and year has fallen from 70 days in 1996 to 57 in the year 2000, 
due to the increase of mobility of the fleet towards other grounds and to discontinuous activity. Vessels conducted 1-
4 fishing trips per year, each trip ranging from approximately one week to four months. Fishing effort was estimated 
in terms of trawling hours, depth and year (Table 8). To study this, five depth strata were defined (from <800m to 
1600m). 
 
The table shows that this fishery is mainly developed at depths of 1000 to 1400 metres, and that throughout the 
study period an evident movement of the fishing effort towards the deeper bottoms. During the initial two years, 
fishing operations were conducted mainly to 1000-1200 metres. Later, a gradual notable increase in fishing hours on 
the deeper strata occurred (Figure 5). In 1996, only 9% of the estimated fishing effort took place at depths of over 
1200 metres, whereas in the year 2000 an estimated 60% of fishing hours were conducted over 1200 metres. As this 
was a new fishery, the period 1996-97 may be considered as a period of fleet adaptation to the new grounds. It was 
from 1998 onwards when a more clear-cut pattern was observed in the distribution of fishing effort, which may 
indicate a greater knowledge of the fishing grounds and target species, as well as a consolidation of activity in deep-
waters.  
 
Catches 
 
This is a multi-specific fishery. In terms of weight, the 43% of the Catches corresponded to roundnose grenadier 
(Coryphaenoides rupestris), the 41% to smoothhead (mainly Alepocephalus bairdi i), the 5% to Portuguese dogfish 
(Centroscymnus coelopsis), the 4% to blue ling (Molva dypterygia), the 2% to various deep-water sharks and the 5% 
to others fishes. Table 9 shows the estimated total catches in live weight for the period 1996-2000. Estimated 
catches of the two main species (roundnose grenadier and smoothhead) increase during the first four years, 
decreasing in the year 2000 setting values approaching 7000 and 5500 tones respectively. In recent years, annual 
catches of Portuguese dogfish have maintained certain stability with a maximum of 820 tons in 1998, whereas blue 
ling shows a high interannual variability with a maximum of 804 tons in 1999. The other species were caught in far 
less quantities. 
 
The final two years have increased catches of Greenland halibut (Reinhardtius hippoglossoides) and deep-water 
sharks (319 tons and 378 tons in the year 2000, respectively), in line with the increased effort in deep-waters.  
 
Under the term “various deep-water sharks” species mainly from the genera Etmopterus, Centroscymnus, Apristurus 
and Deania have been grouped together. In the year 2000, an increase in catches of black scabbardfish (Aphanopus 
carbo), roughsnout grenadier (Trachyrhynchus trachyrhynchus) and North Atlantic codling (Lepidion eques) was 
noted. The chimaeras and, to a lesser extent, the skates, were also present in catches. The other fish species (Table 1) 
were grouped together under the heading “Various”.  
 
Composition of retained catch and discards  
 
The majority of roundnose grenadier and smoothhead catches were retained, as show Table 10. It is important to 
highlight the high degree of retention of smoothhead, which ranged from 75% to 98% throughout the study period, 
which is infrequent in fleets in other countries (Anon. 2001). Retention rates of this species have equalled or even 
been higher than those for grenadier, which points to the consolidation of fishing interest in smoothhead. In their 
entirety, Portuguese dogfish, blue ling and Greenland halibut were retained on board. A high percentage of black 
scabbardfish was also retained. The “various deep-water sharks” were retained in high proportions in relation with 
their variety of types of elaboration. The roughsnout grenadier and the North Atlantic codling were mainly 
discarded. 
 
The chimaeras present a variable discard rate (21% -41%). As regards the other fish species, the pattern is highly 
variable, depending on market conditions and the catch success for the main species. 
 
Yields  
 
Annual yields estimated in kilograms of live weight per trawling hour are shown in Table 11. Three groups of 
species are noted in terms of their respective yield values. The first group comprising roundnose grenadier and 
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smoothhead, presents the highest values with a maximum of 479 kg/hr. In the second group, comprising Portuguese 
dogfish and blue ling, yields ranged from 18 to 66 kg/hr. In the third group, which includes the other species, yields 
were, in all cases, very low.  
 
Roundnose grenadier shows a gradual increasing for the first four years, noting a decrease in their values at the end 
of the study period. Smoothhead remained stable for 1998-99 and decreased in 2000. Portuguese dogfish remained 
stable for the first three years. Data on blue ling is difficult to analyse, since catches of this species are highly 
seasonal and depend on accessibility of the spring aggregations. It was noted that yields of Greenland halibut, black 
scabbardfish and various deep-water sharks have recently increased. The trends observed in the evolution of values 
for total yields may be due to the expected stabilisation of the fishery and to the change in fishing depths. Yields 
have been estimated per depth stratum for the two main species (Table 12). In order to summarise the results, five 
depth strata are defined (from <800m to 1600m). It is noted that Roundnose grenadier yields are higher at greater 
depths, whereas smoothhead presents less differences in relation with these strata. 
 
Sightings and incidental catches of megafauna 
 
The observers collect information on sightings and incidental catches of megafauna (marine mammals, birds and 
tortoises) in order to study the interactions between the fishing operations and these fauna. During the period studied 
only was registered one incidental catch of one individual of dolphin (Tursiops truncatus), without mortality. In 
relation with the megafauna sightings, the most sighted species were the common dolphin (Delphinus delphis) and 
the pilot whales (Globicephala melas). 
 
Conversion coefficients 
 
Conversion coefficients are the factors used to estimating the live weight of fish caught (Anon., 1996). Fifteen types 
of products processed on board the sampled vessels was noted. This is a developing fishery, so that the processed 
species and the types of fish processing involved have varied over time (Table 13). The two most frequently 
processed products during the study period were headed, tail off, gutted fish (skin on or off), and skinned fillet.  
 
Processing of headed, gutted and tail off fish involved cutting the head and tail with a mechanical saw, removing 
guts by hand, and in the case of skinning, skin was generally removed mechanically. Hand fillet processing involved 
cutting the two flanks of the fish, with a knife, on both sides of the dorsal spine (discarding the spine), skinning the 
two resulting portions. Table 14 presents the average conversion coefficients for the products normally processed 
from the main species taking the fishing area as a whole. The coefficients of headed, tail off, gutted fish were 1.5 for 
smoothhead, 2.7 for grenadier, 3.5 for Portuguese dogfish and 1.6 for blue ling. The coefficients of hand fillet 
skinned for smoothhead and roundnose grenadier were 2.3 and 4.7 respectively. In general terms, each individual 
retained on board was processed in one single manner, except in the case of the sharks (mainly of the genera 
Centroscymnus and Etmopterus) and blue ling. In the case of the sharks, from the same individual, up to three 
different products were processed (the trunk was processed as the main product, and sometimes the fins and liver 
were also processed). For blue ling, up to two different products were processed from the same individual (trunk, 
main product, and head). 
 
Biological aspects of some fish species 
 
Length distributions: The length distributions of the total Catches and discards were analysed for both roundnose 
grenadier and smoothhead during the period 1996-2000. The length range, mode, percentage by sex and sampled 
individuals by sex and year in the total Catch and discards are shown in the Tables 15 and 16 respectively. In the 
total Catches, roundnose grenadier sizes ranged from 3.5 to 27 cm, with a predominance of males, represented a 
53.7%. 
 
This predominance of males is accentuated in smaller sizes. The females presented a range of 5-27 cm with a mode 
of 17 cm. The males ranged from 3.5 to 24.5 cm with a mode of 14 cm. In all years the female mode was higher than 
male mode. The length of smoothhead individuals ranged from 15-100 cm. Males ranged from 20 to 97 cm and 
females from 15 to 100 cm, with modes of 60 cm for both sexes. The males percentage represented 45.3% and 
females 54.6%. The plots of the length distributions of both species in the catch and in the discards (by year) are 
presented in the Figures 6 and 7. Is significant the scarce presence of smoothhead individuals of minor size of 30 cm 
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in all years and for both sexes, the absence of recruits probably is due to the area of prospecting doesn't correspond 
to the nursery area. The figures shows that the range of sizes of the discards diminishes from 1996 to 2000 for the 
two species, indicating that the commercial interest by both species increases with the years.  
 
Length-weight relationships: Based on the biological sampling, a preliminary study of Length-Weight relationships 
for the whole period was carried out. In the Table 17 were shown the length-weight parameters, the number of 
individuals sampled and their length–weight range. 

 
Preliminary observations on maturity: Roundnose grenadier and smoothhead female length at maturity estimates 
based data collected in the period 1996-2000 are presented. On board, fish were classified as mature or immature by 
visual examination of the gonads. A simple four-point scale (Table 5) was used to do it, where the first stage is 
designed as immature and all the others (maturing, spawning and post-spawning) as mature. The number of sampled 
females is shown in the Table 18. For the smoothhead, about 71% of the females were mature and 83% for the 
roundnose grenadier. The smoothhead and roundnose maturity curves for females are shown in the Figure 8, and the 
parameters of the fitted curves in Table 19. Smoothhead and roundnose maturity doesn't adjust any logistic model. 
Female’s length at 50% maturity (L50) was of 49 cm for smoothhead and 11 cm for the roundnose grenadier. At this 
moment, is tried to carry out a histological study in the laboratory, based on gonads collected since year 2000. 
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