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ABSTRACT  

This paper presents overall scientific estimations on bycatch landings by species, or groups of species, 
carried out by the Spanish surface longline fleet targeting swordfish (Xiphias gladius) in the Pacific 
Ocean. The mean level of bycatch landed by the Spanish fleet from the beginning of the fishing activity in 
1990 until the year 2005 accounted for 42.6% of the total weight landed (target species and bycatch 
combined). Some of the bycatch landed that are worthy of note include the group of large pelagic sharks, 
representing a mean percentage of 95.8% of the total bycatch weight landed, followed by the tuna group 
(2.3%), and lastly, the billfish species (family Istiophoridae) and other species with lower levels and 
minor economical importance. The preliminary overall estimations of incidental mortality rates of marine 
turtles and sea birds -species combined- caught incidentally in Pacific regions indicate an overall 
mortality rate per hook of around 6.70291*10-6 and 3.71707*10-5, respectively. 

INTRODUCTION.  

From the outset of its activity in the Pacific Ocean, in addition to the target species Xiphias gladius 
(SWO), the Spanish surface longline fleet has been traditionally bycatching species such as billfish, tunas 
and large pelagic sharks, the latter being of great importance both because of their high abundance as well 
as their increasing economic worth in relation to previous decades (MEJUTO & GONZÁLEZ-GARCÉS 
1984, MEJUTO 1985). Although during the 1980s it was common practice to catch and discard blue 
shark, in subsequent decades, however, this practice has gradually diminished to the point of having 
practically disappeared, owing to several different factors, such as the introduction of efficient freezer 
systems for catch preservation and the increasing economic importance of sharks and their derivatives on 
international markets earmarked for human consumption (MEJUTO & GARCÍA-CORTÉS 2004). 

The Spanish surface longline fleet began fishing in the Pacific Ocean in 1990 to conduct a prospecting 
survey on swordfish (Xiphias gladius) abundance in areas of the SE Pacific Ocean (FAO 87). Later on, 
several other Spanish longliners gradually started operating in this fishing zone, coming to number 11 
vessels in operation during 1992, although they carried out only partial or sporadic activity throughout the 
year, combining their ventures between the SE Pacific and South Atlantic areas. In subsequent years, 
most of the vessels left the Pacific Ocean and in year 2000 only 4 units remained in the zone, two of 
which undertake partial activity throughout the year. Between 1998-1999, two vessels conducted a 
prospecting survey of the swordfish, in this instance, in areas of the North Pacific (FAO 77-87) 
(MEJUTO et al. 2001a).  In 2001 the number of vessels increased again, coming to a total of 10 vessels 
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operating in the Southeast Pacific. Three of these vessels made changes in the fishing gear used, 
switching from the traditional Spanish multifilament longline to the new “American style” or 
monofilament gear (Florida style modified). During the 2002-2003 period, a total of 7 of the 17 vessels in 
operation continued to use the traditional Spanish gear, while the rest employed the monofilament type 
gear. These 7 vessels kept on fishing with the traditional Spanish gear throughout 2004-2005, while the 
other vessels that have recently started to undertake activity in this ocean –reaching 23 in 2004 and 26 in 
2005– did so using the American style gear (MEJUTO et al. 2001b, 2001c, MEJUTO et al. 2002a).   

Starting in 2003 the fleet made a timid attempt to expand its fishing grounds towards zones in the central 
South Pacific, with the area around 120º W becoming a new fishing zone, as an alternative to supplement 
the traditional grounds located closer to the mainland in the SE Pacific. In 2004 and 2005 experimental 
fishery activities were undertaken in areas located in both the North and South Pacific, within the 
WCPFC convention area. These experimental fishery activities involved the development of fishing 
patterns that were different from those used in routine commercial operations. Over the course of this 
activity, substantial differences were found in terms of the prevalence among the species caught, in both 
the target species as well as the bycatch species.   

Ever since the Spanish surface longline vessels started operating in the Pacific Ocean, a research project 
began broadening its information and sampling network in order to be able to monitor the activity of this 
part of the Spanish fleet for scientific purposes. At the same time, the onboard observer program covering 
other oceans was extended whenever possible and funds were made available for the Pacific Ocean to 
gather information in situ on the activities in areas-seasons where fishing is carried out. However, the 
onboard observations were carried out in 1990 and during the recent period from 1998 to 2005. 

MATERIAL AND METHODS.  

The data used in this paper are based on information obtained through a sampling network which includes 
declarations on landings and effort, interviews with skippers and other scientific information filled out 
voluntarily by the fleet, as well as information provided by the scientific observers on board commercial 
vessels carrying out regular or experimental fisheries on swordfish (MEJUTO & GARCÍA-CORTÉS, 
2005).   

The breakdown into species of the most prevalent bycatch landed, such as the blue shark PGO (Prionace 
glauca) and shortfin mako IOO (Isurus oxyrhinchus) was mainly performed based on the information 
provided by the fleet itself in their voluntary scientific reports, since the taxonomic identification  of  
these  species is normally easy, reliable and common practice. However, the identification at the species 
level of other, less frequent species belonging to certain groups such as SHK (other pelagic sharks 
species), BIL (billfish species), TUN (tuna species) and OTH (others species) was fundamentally based 
on the combined information  mainly  provided  by  onboard observers who have a limited temporal-
spatial coverage. The taxonomic species identification was kept as reported.    

The term “Other SHK” was used when the information provided referred to sharks other than the most 
frequent species, PGO and IOO. The term BIL was used in cases where it was not possible to obtain a 
breakdown of the billfish at the species level. The term TUN was used to indicate the years during which 
it was not possible to break the tuna down by species. Within the group of other species different from the 
above (OTH), specimens unable to be identified at the species level were classified as NIS.  It was not 
very reliable in some cases to achieve a satisfactory breakdown into species of the landings in certain 
years (1991-1997) because the onboard observer program was not implemented during this whole period. 
The information from onboard scientific observers was included for 1990 and the 1998-2005 period.  
However, even within these years, in some cases the breakdown of the species groups at the species level 
was not reliable owing to the lack of adequate coverage by gear type and/or the important geographical 
expansion of the fleet in the most recent years.    

When originally based on dressed weight, the records were later converted to units of round weight (RW) 
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by applying different conversion factors according to the species or group of species, depending on the 
handling process applied to the fish on board. Conversion factors were defined for different species and 
presentations:  Prionace glauca (PGO): Round weight (RW) = Dressed weight (DW) * 2.4074. Others 
species of Carcharhinidae:  Round weight (RW) = Dressed weight (DW) * 2. Isurus oxyrhinchus (IOO):  
Round weight (RW) = Dressed weight (DW) * 1.4541. The other pelagic sharks (other SHK):  Round 
weight (RW) = Dressed weight (DW) * 1.4.  All species included in the group of billfish (BIL):  Round 
weight (RW) = Dressed weight (DW) * 1.2. The conversion factors applied to each species within the 
group of tuna (TUN) were: Round weight (RW) = Gutted weight (GW) * 1.1 and Round weight (RW) = 
Dressed weight (DW) * 1.25.   

The landings were later classified into groups of species summarizing the information for the periods 
1990-2001, 2002-2003 and 2004-2005. The first period includes information with similar fishing patterns 
and areas, although during 1998-1999 there are some sets with a low significance from one survey trip 
carried out in the North Pacific areas within the IATTC convention area. In 2002 and 2003, 62% of the 
vessels switched from the traditional style longline gear to the American style gear. This is why the data 
are grouped into this second period. The third period encompasses the years 2004-2005, during which 
time a large number of vessels were conducting prospecting surveys and broadening the traditional 
fishing zone in the SE Pacific (IATTC) towards areas situated in the central and western part of the 
Pacific (WCPFC). During this third period 74% of the vessels were operating with the Florida style 
longline.     

It is important to highlight the fact that both commissions (IATTC and WCPFC) share 36 5ºx5º 
overlapping squares. Therefore, the bycatch obtained in these squares has been included in both the 
diagrams and tables estimating the bycatch of the two Commissions, with the exception of some 
diagrams, where the data pertaining to the overlap have been removed from their respective convention 
areas and displayed separately.   

Diagrams representing the distribution of the fishing effort exerted –thousands of hooks– from 1990 until 
2005 by 5ºx5º squares are presented to shed light on the areas where the Spanish longline fleet has be 
operating over the course of these years according to the data available for scientific purposes. Also 
provided are the overall CPUE data (landings in kg RW / thousands of hooks) of the main bycatch species 
or groups of bycatch species, per year and convention area.   

Lastly, in order to obtain a preliminary global approach, incidence rates (interaction) and mortality rates 
per hook were estimated for the species of sea birds and marine turtles incidentally affected by the surface 
longline fishery activity. These rates were obtained using data from scientific observers in combination 
with data on incidental catches observed and hooks set during both commercial and experimental surveys. 

RESULTS AND DISCUSSION.  

The group including the three most prevalent species in the catch and landings which are also those of 
highest commercial interest for human consumption (SWO+PGO+IOO) represented 95.2% of the total 
landings in the Pacific Ocean during the period 1990-2005. This level is slightly higher than those 
reported for the Atlantic and the Indian oceans, estimated to be around 93% and 90%, respectively 
(MEJUTO et al. 2006, GARCÍA-CORTÉS & MEJUTO 2001, 2005). The landings of species considered 
to be bycatch of the swordfish fishery in the Pacific Ocean ranged from 283.6 to 7030.7 t during the 
1990-2005 period, which accounts for a landing percentage of between 16.5% and 59.7% as compared to 
the total weight landing of the species retained on board (including swordfish), with an overall prevalence 
of 59.4 % of the total landings during this period (tables 1 and 2, figure 1).   

The bycatch consisted mainly of large pelagic sharks (SHK), 1,853 t/yr of which were landed on average 
during the period from 1990-2005. This accounts for 38.7% of the total landings in weight for all species 
combined. The average landing of the tuna group (TUN) was 81 t/yr, which accounted for a mean value 
of 0.9% in weight of the total landings. The volume of billfish (BIL) amounted to 0.4% of the total 
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landings, reaching 0.7 t/yr on average. Finally, the group of species with the lowest economic value 
(OTH) represented around 0.4% of the total weight landings, reaching 0.09 t /yr on average (figure 2).    

The landings in weight per group of species in relation to the assumed bycatch species combined 
(excluding the swordfish) amounted to 95.8 % for the SHK group, 2.3% for the TUN group, 0.9% for the    
BIL  group and around 1% for the OTH group (table 3, figures 3 and 4). The amount corresponding to the 
SHK group was the most prevalent as compared to the other groups. These general prevalences among 
groups within the bycatch species groups are similar to those reported in other oceans (CASTRO et al. 
2000, MEJUTO et al, 2002b, 2002c, GARCÍA-CORTÉS & MEJUTO 2001, 2002, 2005, MEJUTO et al. 
2006). 

The most important bycatch landings over the entire period analyzed were essentially PGO, with a mean 
percentage of 58.5% in relation to the total weight of the bycatch species combined. The rest of shark 
species accounted for mean values of 37.7% (IOO) and 1.6% (Other SHK). The PGO was also the most 
prevalent species (59.6%) within the SHK group followed by IOO (38.9%). The PGO was the most 
prevalent epipelagic bycatch species, as it was also observed in other oceans. However, the respective 
prevalence of PGO and IOO within the SHK group differs from observations made in other oceans (89% 
and 10% for PGO and IOO, respectively, in the Indian regions and 81% and 9% for PGO and IOO, 
respectively, in the Atlantic regions). In general, IOO was observed to be around or below 10% of the 
total bycatch in other oceans, but this percentage is clearly higher in the Pacific data observed.   

As far as the TUN group landings (2.3% of the total bycatch combined),  Thunnus obesus  stands out  as 
accounting for 0.7% of the total bycatch species combined, while Thunnus alalunga represented only 
0.2%. The prevalence of both tuna species within the TUN group was as follows: Thunnus obesus 39.4% 
and Thunnus alalunga 14.0%. The latter prevalences observed differ from those observed in other oceans, 
43% (Thunnus obesus) and 40% (Thunnus alalunga) in the Atlantic and 47% (Thunnus obesus) and 38% 
(Thunnus alalunga) in the Indian Ocean.    

The percentage of species landed pertaining to the BIL group was 0.9% of the total bycatch. The species 
reported as Tetrapturus audax was the one in this group that accounted for the greatest landed weight 
during this period, which translates to a percentage of 0.1% of the total bycatch. The prevalence of 
Tetrapturus audax within the BIL group was 13.1%. The latter prevalence levels differ from those 
reported in other oceans: 71.6% of the BIL group was identified as Istiophorus platypterus, 13.1% as 
Tetrapturus albidus and 10.7% as Makaira nigricans in all Atlantic areas combined, while 37.2% was 
identified as I. platypterus and 35.8% as T. angustirostris in all Indian areas combined.    

The OTH group represented 1% of the total bycatch landed, with a prevalence of Lepidocybium 
flavobrunneum (0.5%) and Coriphaena hippurus (0.1%) of the bycatch species combined. The prevalence 
of both of these species within the OTH group landed was 21.4% and 20.2%, respectively. The species 
Lepidocybium flavobrunneum was observed with prevalences of 76% and 86% within the OTH group in 
Atlantic and Indian regions, respectively.   

In the 1990-2001 period, the bycatch caught with the traditional style longline –the only kind of gear 
being used during this period– consisted chiefly of PGO (56.5%) and IOO (41.0%), followed by Other 
SHK (1.4%) and the groups BIL, TUN and OTH exhibiting a very low prevalence.     

In the 2002-2003 period, during which time the vessels were operating with the Florida style longline 
gear, the prevalence figures for PGO were similar (56.7%), while IOO underwent a slight decrease 
(30.7%) and the other bycatch species increased substantially, particularly TUN (5.6%), OTH (4.1%) and 
BIL (2.2%).    

Over the course of 2004 and 2005, 74% of the vessels used the Florida style longline gear. Moreover, 
several experimental fishery activities were undertaken and there was a geographic expansion towards the 
West of the fishing zone. Despite these circumstances, the landings still revealed a high prevalence of 
PGO (56.5%), which is similar to the levels observed in previous periods.  Also observed, however, was a 
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drop in IOO (24.8%), relatively higher numbers of TUN (6.5%) and an increase in the prevalence of BIL 
(4.6%) as well as the groups Other SHK (3.9%) and OTH (3.7%).    

Figure 5 shows the prevalences (%) of the bycatch landed in 2004 and 2005 by convention area IATTC 
and WCPFC, respectively. The bycatch obtained in the overlap area shared  by  the  two Commissions is 
shown to be either included or omitted, depending on the different diagrams. They are also given in 
separate diagrams. PGO is clearly the most prevalent species among species or groups in the different 
spatial stratifications studied, showing values that range between 52-58% of the landed bycatch species. 
The IOO species ranks second in importance with values in the range of 18-30%. The highest prevalence 
of IOO was found in the overlap region (30%) and the lowest numbers within the confines of the WCPFC 
region(18%). The groups Other SHK, TUN, BIL and OTH ranged between 1-12%, 4-7%, 3-5%, 2-4%, 
respectively.     

There was an increase in the landing in weight for the overall bycatch in the last two years examined as 
compared to previous years (figure 1). This may be due to an improvement in the statistical processing of 
the data because of better sampling coverage during recent prospecting surveys and better taxonomic 
identification at the species level. However, other factors may also be involved, such as the increase in the 
amount of fish retained in some species or, in more recent years, the expansion to new fishing areas. The 
general increase in the prevalence of the TUN group from the year 2002 onward may be attributed to the 
change in fishing gear, when the vessels switched from the traditional style to the American style gear 
which started to be used by the majority of the vessels as of this date.   

The overall landings per unit of effort data or yield  (labeled as CPUE)  per year obtained during the 
period 1990-2005 for species or groups of bycatch species is shown in figure 6. For the Pacific, as a 
whole remarkably high yields of PGO were observed in 1999 and 2000; more moderate yields were had 
in the 2001-2004 period and there was an increase in 2005, during which time the overall catch reached 
nearly 500 kg per thousand hooks set. In 1997 particularly low yields were recorded as a consequence of  
discard practices carried out specifically by some vessels during this year. As regards IOO, the second 
bycatch species in order of importance, the yields have remained relatively stable over the course of the 
time series, fluctuating between 100-250 kg per thousand hooks set. In terms of the other bycatch species 
or groups, increasing yields were observed starting in 1998, with numbers being especially pronounced 
from the year 2001 on, when most of the vessels belonging to the Spanish surface longline fleet changed 
fishing gears and set up routine onboard scientific observer programs.   

Preliminary yield data from 2004 and 2005 pertaining to the convention areas of the two Pacific 
Commissions as well as to the overlap area they have in common, would suggest that the yields of PGO, 
IOO and the other bycatch species are generally higher in the WCPFC area (figure 7). Although PGO 
catches in the WCPFC zone totalled only 500 t in 2004, as compared to the over 1900 t obtained in the 
IATTC zone, the prevalences of PGO observed in the landings, however, were higher in the WCPFC (and 
overlap zone) –around 30%– versus 20% observed in the IATTC region. As regards groups or species 
other than PGO and IOO, the results could be positively affected by the increased statistical coverage 
available in the most recent years in the  WCPFC and overlap areas, as compared to the IATTC zones. 
Similarly, the yields obtained for bycatch species or groups of species in the convention areas of the two 
Commissions (with the addition of the overlap area in both cases) would confirm that higher values were 
obtained in the WCPFC areas in 2004-2005 (figure 8).    

The estimates presented come from records on landings or catches held on board and do not take into 
consideration discard practices or other possible uses of the catch over the time series, which might affect 
the prevalences and yields obtained. Although it would be necessary to conduct specific studies to 
estimate discard rates, they are believed to be practically non-existent or irrelevant for the species of 
greatest commercial interest in the most recent years, including virtually all pelagic sharks. Discard ratios 
were estimated for the BIL group in the different oceans. During the 1993-2005 period, in the Pacific  
regions,  it  was  estimated  that  roughly 82% of the catch was held on board, 10% was discarded, 2% 
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released alive and 5% tagged and released alive. However, starting in the year 2001, the discard level was 
null or practically null, with the number of billfishes tagged and released alive reaching up to 6% and 
fishes released alive accounting for up to 2% (MEJUTO et al. in press).    

Figures 9-11 give us an idea of the nominal effort applied by the Spanish surface longline fleet in the 
Pacific Ocean from 1990 to 2005, showing the important geographic expansion than has taken place, 
particularly during the most recent years.    

The number of hooks observed to estimate interaction rates with marine turtles and sea birds were 3.282 
millions of hooks (2.153 and 1.129 for IATTC and WCPFC areas, respectively), corresponding to 2,347 
sets observed (1,248 and 1,099 for IATTC and WCPFC areas, respectively). The marine turtle species 
potentially affected in the convention area of the IATTC were identified as Caretta caretta, Dermochelys 
coriacea, Lepidochelys olivacea, Chelonias mydas. The sea bird species were Diomedea bulleri, D. 
clororhinchus, D. exulans, D. melanophris, D. cauta, Procellaria aequinoctalis, P. cinerea and 
Macronectes halli. The marine turtle species potentially affected in the convention area of the WCPFC 
were Caretta caretta, Dermochelys coriacea, Lepidochelys olivacea. The sea bird species were reported 
as Diomedea exulans, D. inmutabilis, D. nigripes, and D. sanfordi.  

The overall rate of interaction by hook for the Pacific as a whole was estimated at 9.99343*10-5 for 
marine turtles and 3.74754*10-5 for sea birds. The overall rate of mortality was estimated to be 
6.70291*10-6 and 3.71707*10-5, for marine turtles and sea birds, respectively. The interaction mortality 
rates for these combined species by convention area of the  IATTC  and  WCPFC Commissions are 
summarized in table 5. These estimations should be considered preliminary because area-time 
stratification of the observations was not taken into consideration.   
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Table 1. Scientific estimations in kg of round weight  (RW) of the landings of the target species (Xiphias 
gladius) and species considered to be bycatch of the Spanish surface longline fishery, during the 1990-
2005 period, all Pacific areas combined.   

YEAR TOTAL SWO TOTAL Bycatch TOTAL 
1990 1006629 283643 1290272 
1991 2794086 1067614 3861700 
1992 2435044 2009273 4444317 
1993 928139 752984 1681123 
1994 575696 341941 917637 
1995 697822 368520 1066342 
1996 771642 599642 1371284 
1997 2018492 399766 2418258 
1998 1302496 1345483 2647979 
1999 1121031 1661602 2782633 
2000 1806596 1899404 3706000 
2001 3426533 2922259 6348792 
2002 5629190 3260351 8889541 
2003 5912715 3192137 9104852 
2004 6285629 4779309 11064938 
2005 6211871 7030726 13242597 
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Table 3. Summary of the scientific estimations in kg of round weight (RW) of the landings by the most 
prevalent species (IOO, PGO)  or groups of species (Other SHK, BIL, TUN, OTH) considered to be 
bycatch of the  Spanish surface longline fishery, for the 1990-2005 period (all areas combined) and by 
Convention areas for the years 2004 and 2005 (down). Before 2004 all catches should be allocated into 
IATTC convention area. 
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Table 5. Overall estimation of the interaction (live and dead) and mortality rates (dead) for marine turtles 
and sea birds by Convention area. Data from the overlapping area are included in both Convention areas. 

 
 

 

Figure 1. Scientific estimations of landings of bycatch species (kg round weight) by the Spanish surface 
longline fleet from 1990-2005 in the Pacific Ocean. (A) : All bycatch species combined. (B): By species 
or group of bycatch species. 
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Figure 2. Annual prevalence (%) of each bycatch species or group of species in relation to the total 
landings in weight of all the species combined (target species+ bycatch species), during the 1990-2005 
period.  

 

 

Figure 3. Annual prevalence (%) of each bycatch species or group of species in relation to landings in 
weight of the bycatch species combined during the 1990-2005 period.  
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Figure 4. Prevalence (%) by species and group of species in relation to the total weight of bycatch landed 
by the Spanish surface longline fleet in the Pacific Ocean for different periods (1990-2001, 2002-2003 
and 2004-2005).  
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Figure 5.  Prevalence (%) by species or group of species in relation to the total bycatch landed and by 
convention area of the Commissions in the Pacific Ocean  from 2004-2005, considering the overlap area  
in  each  one  (above),  without considering the overlap area in each one (centre) or only considering the 
overlap area separately (below).  
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Figure 6. Fishing yields in kg per thousand hooks (landings per unit of effort) of the bycatch species or 
groups of species obtained by the Spanish swordfish fleet in the Pacific Ocean during the 1990-2005 
period.  

 

Figure 7. Fishing yields in kg per thousand hooks (landing per unit of effort) of the bycatch species or 
groups of species obtained by the Spanish swordfish fleet by strict Convention Area and in the overlap 
area between the two for the years 2004 and 2005. 

 
Figure 8. Fishing yields in kg per thousand hooks (landing per unit of effort) of the bycatch species or 
groups of species obtained by the Spanish swordfish fleet by Convention Area including the overlap area 
in both for the years 2004 and 2005 combined.   
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Figure 9. Fishing effort  (thousand hooks) of the Spanish longline fishery targeting swordfish, by 5ºx5º 
squares in the Pacific Ocean and year (1990-1995)  
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Figure 10. Fishing effort (thousand hooks) of the Spanish longline fishery targeting swordfish, by 5ºx5º 
squares in the Pacific Ocean and year (1996-2001).  
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Figure 11. Fishing effort (thousand hooks) of the Spanish longline fishery targeting swordfish, by 5ºx5º 
squares in the Pacific Ocean and year (2002-2005). 
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