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Influence of fisheries discards and environmental variables on 
seabirds in northern Spanish waters (Cantabrian Sea)

INTRODUCTIONINTRODUCTION
Seabirds represent an important component in marine ecosystems. They are top predators of several pelagic fish species as well as scavengers of fishing discards. Spatial variations in species composition and abundance of scavenger seabirds in northern 
Spanish waters could be explained from environmental and fisheries information (Valeiras, 2003). 

The Cantabrian continental shelf is narrow. Pelagic production is controlled by the intensity and frequency of two phenomena, the winter Navidad current and the spring-summer upwelling, which lead to very different non-macroscale and non-permanent 
oceanographic scenarios along the Cantabrian Sea shelf each year (Sánchez and Serrano, 2003). A large bottom-trawling fleet operates in these waters exploiting the rich fishing grounds. The target species are several valuable fish including European hake 
(Merluccius merluccius), anglerfish (Lophius budegassa and L. piscatorius), megrims (Lepidorhombus boscii and L. whiffiagonis), horse mackerel (Trachurus sp.), blue whiting (Micromesistius poutassou) and Norway lobster (Nephrops norvegicus) (Fariña et 
al., 1997, Sánchez and Olaso, 2004). The discards of the trawling fleet amount to about 35-59% of the total catch of the fleet or about 42000 tons of discards per year. Scavenger seabirds interrelate with fishery activities, taking advantage of fishery discards 
and offal by following fishing vessels (Garthe et al., 1996; Tasker et al., 2000, Furness, 2003). Fisheries have a considerable influence at several scales on the distribution of seabirds at sea due to the availability of discards as food for scavenging species 
(Camphuysen et al., 1995; Furness, 2000; Votier et al., 2004). To examine how the seabird species use the waters of northern Spanish fishing grounds, we studied their distribution and abundance during autumn in relation to discard availability and 
environmental factors. 

MATERIAL AND METHODSMATERIAL AND METHODS
Two cruises on the RV/ ‘Cornide de Saavedra’ (Spanish Oceanography Institute) were carried out on the Cantabrian continental shelf between 70 m and 500 m depth in October 2003 and October 2005. The bottom trawl surveys were carried out using a "baca" otter trawl for 
randomly stratified sampling. Seabird abundance at trawler hauls was studied using maximum counts of birds per haul. The birds attending the vessel were counted during the fishing operations from the last moments of hauling until the end of the discarding process. This 
methodology has been used by other authors and adapted for this study (Tasker et al., 1984; Garthe and Hüppop, 1994; Abello et al., 2003). Only the birds interested in fishery discards, consuming or picking up fish, were counted. 

Environmental parameters (depth, daytime, latitude, longitude, distance to the coast) and hydrographical variables (surface temperature and salinity) were registered at each trawl operation. During counting, the presence of commercial trawlers within a radius of 5 km was 
recorded to analyse whether seabird distribution was influenced by them, as they provide a continuous and large amount of food. Finally, we recorded fishing data regarding the abundance of the main forage fishes (usually discarded undersized commercial and non-commercial 
species) per fishing haul.

Seabird assemblages were analysed using cluster analysis. Only species registered in both surveys were included. To relate seabird densities to environmental parameters and discard abundance, a principal component analysis (PCA) was done based on 121 hauls carried out in the 
cruise. A redundancy analysis (RDA) was used to assess the amount of variation in species abundance per haul related to environmental and fishing discards. 
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DISCUSSIONDISCUSSION
There is a large amount of discards and offal available to scavenging seabirds in the Cantabrian shelf, which could possibly support a large number of seabirds of diverse species and several origin populations. There are no estimates of total seabird 
population sizes (winters and migrants) in northern Spanish waters and knowledge of their movements is very limited. 

- Seabird species associated with discards.

The differences in seabird species occurrence in the study area are explained by ecology features of each species, especially during the studied period which partly overlapped with migratory movements of some species to winter areas. For certain 
species, meteorological and possibly oceanographic factors must be important at a local level. Most of the species registered do not breed in the area, and the reproduction sites are on the northern coasts of Europe, even at Arctic latitudes. Some 
species are southern hemisphere breeders, such as the sooty and great shearwaters.

The most abundant species exploiting the discards and offal during fishing operations were the lesser black-backed gull and the yellow-legged gull (‘large gulls’). It is known that large gulls and gannets commonly take advantage of fishing discards 
in other marine areas (Garthe, 1994). Large gulls, gannets and great skuas were common and were clearly boat followers. 

-Seabird assemblages

Three different assemblages of scavengers were detected in this study. Taking into account the most abundant species, the differences could be explained according to feeding strategies.

- Seabird distribution related to environmental factors and discards availability

There are differences in geographical distribution and habitat of at least some scavenging seabird species. PDA and RDA analyses indicated that the distribution patterns are related to various environmental and fishing factors. However, 
interpreting the influence of these factors is not straightforward and other variables could be taken into account in order to explain the distribution of species. Distribution of scavenger seabirds are not well explained by the distribution of 
discarded species. Availability of natural prey (pelagic fish and invertebrates) is an important factor, at least for species which are not generally scavengers. Sea birds are sensitive indicators of the condition of marine ecosystems as feeders at the 
top of the food chain, being important consumers of squids, pelagic crabs, small fishes, etc.

In the ecological models of the marine ecosystem, we needed to know the food habits the marine birds. Next research will include the link between discard availability and discard use. 

RESULTS RESULTS 
Numbers and distribution of seabirds

During the 121 fishing operations, a total of 9157 
and 7909 seabirds (2003 and 2005 respectively) of 
21 species were observed attending the vessel 
when hauling the nets and discarding (Tables I 
and II). 

The maximum number of seabirds recorded at 
one haul was 1015. No birds were observed 
during four hauls. The most common species 
were yellow-legged and lesser black-backed gull 
(Larus michahellis and L. fuscus) and northern 
gannet (Morus bassanus). The spatial distribution 
for all seabird species in total numbers is shown 
in Figure 1. 

Fig 1. Abundance of fish discards and total number of seabirds per haul.

Species 2003 N Ocurrence Mean±SD Max
Manx shearwater (Puffinus  puffinus ) 11 16 1,22±0,44 2
Balearic shearwater (Puffinus mauretanicus ) 34 24 2,61±3,37 13
Sooty shearwater (Puffinus griseus ) 14 18 1,4±0,51 2
Northern gannet (Morus bassanus ) 624 87 13±17,04 85
Great skua (Stercorarius skua ) 64 62 1,88±1,47 9
Artic skua (Stercorarius parasiticus ) 2 4 1 1
Pomarine skua (Stercorarius pomarinus ) 2 4 1 1
Yellow-legged and Lesser black-backed gull (Larus michahellis  and L. fuscus ) 8342 98 154,48±160,62 1000
Black-headed gull (Larus ridibundus ) 6 9 1,2±0,44 2
Sabine’s gull (Larus sabini ) 4 4 2 2
Mediterranean gull (Larus melanocephalus ) 22 24 1,69±1,1 4
Little gull (Larus minutus ) 5 5 1,66±0,57 2
Great black-backed gull (Larus marinus ) 14 20 1,27±0,64 3
Kittiwake (Rissa tridactyla ) 9 11 1,5±0,54 2
Common tern (Sterna hirundo ) and Artic tern (S. paradisaea ) 4 4 2±1,41 3
Total 9157 1004

Species 2005 N Ocurrence Mean±SD Max
Great shearwater (Puffinus gravis ) 36 21 2.57±1.83 7
Sooty shearwater (Puffinus griseus ) 21 20 1.62±0.77 3
Cory’s shearwater (Calonectris diomedea ) 69 41 2.56±1.74 7
Northern gannet (Morus bassanus ) 77 44 2.66±2.32 13
Great skua (Stercorarius skua ) 9 12 1.13±0.35 2
Artic skua (Stercorarius parasiticus ) 1 2 1 1
Pomarine skua (Stercorarius pomarinus ) 1 2 1 1
Yellow-legged and Lesser black-backed gull (Larus michahellis  and L. fuscus ) 7676 100 116.3±139.09 1010
Great black-backed gull (Larus marinus ) 1 2 1 1
Common tern (Sterna hirundo ) and Artic tern (S. paradisaea ) 14 11 2±0.82 3
Sandwich tern (Sterna sandvicensis ) 2 2 2 2
Black tern (Chlidonias niger ) 2 3 1 1
Total 7909 1015

Seabird density in relation to hydrographical, environmental and fishing factors

Analysis of hydrographical, environmental and fishing factors and seabird density according to PCA revealed 
that six components explained 56.4% of the variance in all variables (Table 3). Eigenvalues and percentages of 
variation explained are shown. 

Characterization of the five principal components is presented in Table 4. A feeding-flock factor including two 
of the most abundant species: northern gannet and skua was identified as the most important factor. A second 
factor was a land-sea gradient including distance to the coast and depth variables. These two components 
explain 30 % of variance. Another 3 principal components were found and are presented in Table 4.

Fig. 2.Fig. 2. Cluster analysis of seabird species at sea.Cluster analysis of seabird species at sea.

PC1 PC2 PC3 PC4 PC5
Eigenvalue 2.18 1.98 1.34 1.28 1.12
Variation explained % 15.6 14.1 9.5 9.1 8.0

Daytime 0.17 -0.22 0.21 0.60 -0.17
Depth 0.03 0.85 -0.07 0.08 0.04
Distance to coast -0.07 0.84 0.18 0.07 -0.05
Nº vessels 0.20 0.53 -0.16 -0.19 0.00
Longitude 0.39 -0.15 -0.54 0.26 0.35
SST 0.00 0.33 -0.09 0.75 -0.02
Sooty shearwater 0.07 0.02 0.68 0.19 0.13
Northern gannet 0.80 -0.08 -0.17 0.02 -0.10
Great skua 0.85 0.11 0.13 0.00 0.12
Artic skua 0.02 0.01 0.03 -0.08 0.84
Pomarine skua 0.17 0.02 0.51 -0.25 0.15
Yellow-legged and Lesser black-backed gulls 0.46 -0.19 -0.04 0.27 0.24
Great black-backed gull 0.51 -0.02 0.37 0.11 -0.20
Common tern - Artic tern -0.28 -0.14 0.11 0.25 0.32

 Characterization of the five principal components
PC1 Occurrence and /or interaction of northern gannet and 

great skua
PC2 Land-sea gradient with respect to distance to the coast 

and depth
PC3 Occurrence of sooty shearwater

PC4 Gradient with respect to Sea Surface Temperature and 
daytime

PC5 Occurrence of pomarine skua

Tables 3 and 4Tables 3 and 4
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Fig. 3. RDA ordination plot of hydrologic and environmental variFig. 3. RDA ordination plot of hydrologic and environmental variables. Species ables. Species 
variation explained: 11.9% Speciesvariation explained: 11.9% Species--environment relation explained: 97.8%. Monteenvironment relation explained: 97.8%. Monte--

Carlo tests: first axis (p=0.004),all canonical axes (p=0.005).Carlo tests: first axis (p=0.004),all canonical axes (p=0.005).

Fig. 4. RDA ordination plot of fishing variables (discarded specFig. 4. RDA ordination plot of fishing variables (discarded species). Species variation ies). Species variation 
explained: 12.3% Speciesexplained: 12.3% Species--environment relation explained: 96.5%. Monteenvironment relation explained: 96.5%. Monte--Carlo tests: Carlo tests: 

first axis (p=0.07),all canonical axes (p=0.06).first axis (p=0.07),all canonical axes (p=0.06).
T: surface temperature, SST: sea surface salinity, T: surface temperature, SST: sea surface salinity, LmifuLmifu: : LarusLarus michahellismichahellis and L. and L. fuscusfuscus, , MbaMba: : MorusMorus bassanusbassanus, , CdiCdi: : CalonectrisCalonectris

diomedeadiomedea, , PpuPpu PuffinusPuffinus puffinuspuffinus, , PmaPma: P. : P. mauretanicusmauretanicus, , PgriPgri: P. : P. griseusgriseus, , PgrPgr: P. gravis, : P. gravis, HpeHpe: : HydrobatesHydrobates pelagicuspelagicus, , OocOoc: : OceanitesOceanites
oceanicusoceanicus, Ole: , Ole: OceanodromaOceanodroma leucorhoaleucorhoa, , CskCsk: : CatharactaCatharacta skuaskua, Spa: , Spa: StercorariusStercorarius parasiticusparasiticus, , SpoSpo: S. : S. pomarinuspomarinus, , LriLri: : LarusLarus

ridibundusridibundus, , LsaLsa: L. : L. sabinisabini, , LmeLme: L. : L. melanocephalusmelanocephalus, , LmiLmi: L. : L. minutusminutus, , LmaLma: L. : L. marinusmarinus, , RtrRtr: : RissaRissa tridactylatridactyla, Shi: Sterna , Shi: Sterna hirundohirundo--
paradisaeaparadisaea and and SsaSsa: S. : S. sandvicensissandvicensis..

Figure 3 expresses the effects of environmental and 
fishing factors on the spatial distribution of 
scavenger seabirds. Therefore, the environmental 
variables under study are clearly responsible for at 
least some of the seabird variation. Despite the 
narrow Cantabrian shelf, the land-sea gradient has 
been detected in the analysis. Large gulls are 
negatively correlated to distance to coast and depth. 
The longitude (gradient to eastern coast of Biscay 
gulf) were correlated to a group of species including 
the most common seabird species: yellow-
legged/lesser black-backed gull and northern 
gannet. The large gulls showed a negative 
correlation with hauls with a high presence of 
trawlers.

Regarding discards and seabird distribution, the 
most discriminating variable form RDA was the 
silvery pout which is correlated to certain species, 
such as kittiwake and pomarine skua. The 
importance of silvery pout in the analysis could be 
in relation with its outer shelf distribution, being a 
reflex of depth factor. Yellow-legged/lesser black-
backed gull, northern gannet and great skua showed 
a correlation to hake and horse mackerel discards, 
possibly related to size of fish. Blue whiting has less 
relevance possibly for its ubiquitous distribution.

Seabird assemblages

Cluster analysis revealed three main clusters of species in 
the area (Figure 2). One group included the most common 
scavengers: large gulls, northern gannet and great skua. A 
second group observed together in flocks and related to 
kleptoparasitic interspecific relations: common and artic 
terns and pomarine. Finally, a third group consisted of 
Sooty shearwater and artic skua.
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Table 2: Seabird species attending discards during trawling in tTable 2: Seabird species attending discards during trawling in the he CantabrianCantabrian sector: sector: 
number, occurrence (percentage of hauls in which the species wasnumber, occurrence (percentage of hauls in which the species was recorded), mean, recorded), mean, 

standard deviation and maximum number per haul.standard deviation and maximum number per haul.
Table 1: Seabird species attending discards during trawling in tTable 1: Seabird species attending discards during trawling in the he CantabrianCantabrian sector: sector: 
number, occurrence (percentage of hauls in which the species wasnumber, occurrence (percentage of hauls in which the species was recorded), mean, recorded), mean, 

standard deviation and maximum number per haul.standard deviation and maximum number per haul.


