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ABSTRACT: We studied discard use and incidental mortality of seabirds attracted to high-sea trawl
vessels operating in the Golfo San Jorge, Argentina, during the height of the fishing season in 2003
and 2004. Fourteen seabird species ate food made available by fishing operations. The most frequent
and abundant seabirds (percent occurrence, mean number per haul) were the kelp gull Larus
dominicanus (98.9 %, 207.0), the black-browed albatross Thalassarche melanophrys (98.9 %, 94.2)
and the white-chinned petrel Procellaria aequinoctialis (91 %, 8.4). Flock sizes for the 3 species var-
ied from a few to a maximum of 1600 birds. Total seabird abundance varied significantly between
stages of the fishing operation, being higher during discarding and haulback than during towing.
Incidental capture of seabirds in nets was recorded in 37 % of 89 hauls, with a mean capture rate of
1.2 birds per haul. Species incidentally caught were the great shearwater Puffinus gravis, the imper-
ial cormorant Phalacrocorax atriceps and the Magellanic penguin Spheniscus magellanicus, with
rates that varied between months and years. Considering the fishery's fishing effort, the estimated
total numbers of birds killed during the study were 2254 great shearwaters (CV = 1.1), 1233 imperial
cormorants (CV = 1.1) and 35 Magellanic penguins (CV = 2.4) in 2003, and 311 imperial cormorants
(CV = 1.7) and 1516 Magellanic penguins (CV = 1.1) in 2004. Black-browed albatrosses and kelp
gulls were also struck by the warp cable while feeding on discards from the surface, and drowned
when they were dragged underwater. The results obtained in this study show that the hake trawl
fishery operating in the Golfo San Jorge may have a significant effect on some seabird populations
through the provision of fishing discards and incidental mortality.
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INTRODUCTION

Seabird foraging distributions frequently overlap
with commercial fisheries in high productivity areas
around the world. Seabird populations may be both
negatively and positively affected by fishery activities
(Duffy & Schneider 1994, Montevecchi 2002). Many
seabirds make intensive use of fishery discards, which
are a result of the low selectivity of some fishing gears
(Tasker et al. 2000). This fish waste constitutes a food
source that is abundant and relatively predictable, and
includes prey which are not normally available, or
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which cannot be obtained by usual feeding methods
(Furness & Monaghan 1987). It has been argued that
the use of discards has contributed to the expansion of
several seabird populations (Furness 2003). The use of
fishing waste may increase breeding success, affect
community composition and induce changes in the dis-
tribution of birds at sea (Wahl & Heinemann 1979,
Ryan & Moloney 1988, Hudson & Furness 1989, Oro et
al. 1995). Seabird use of fishery waste has been
described in several regions, including the North Sea
(Furness et al. 1992, Garthe & Hippop 1994), Mediter-
ranean Sea (Oro & Ruiz 1997), NW Atlantic (Chapde-
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laine & Rail 1997), Pacific Ocean (Jones & DeGange
1988), Australia and New Zealand (Blaber & Wassen-
berg 1989, Petyt 1995), South Africa (Ryan & Moloney
1988) and the SW Atlantic (Thompson & Riddy 1995,
Yorio & Caille 1999, Bertellotti & Yorio 2000).

In addition, seabird attraction to fishing vessels to
make use of waste has led in many cases to an increase
in mortality resulting from drowning in fishing gear.
Several studies have reported high incidental mortality
rates at, for example, gill nets, drift nets and longlines
(Jones & DeGange 1988, Brothers 1991, Weimerskirch
et al. 1997). On the other hand, little is known about
the extent of seabird mortality at trawling vessels,
which may occur while birds attempt to obtain food
from the net or is due to their collision with vessels or
fishing gear cables (Bartle 1991, Weimerskirch et al.
2000, Baird & Thompson 2002, Sullivan 2004). Given
the life-history traits of seabirds, incidental mortality of
adult individuals may significantly affect their popula-
tions. Seabirds are long lived, have delayed maturity
and exhibit low fecundity and high adult survival
(Furness & Monaghan 1987). Thus, seabirds are highly
sensitive to slight changes in adult mortality.

More than 50 seabird species forage on the Argen-
tine continental shelf (Canevari et al. 1991), 16 of these
also reproduce along the Patagonian coast (Yorio et al.
1998b). Knowledge of seabird-fishery interactions on
the Argentine continental shelf is still relatively poor.
Discard use by seabirds has been quantitatively
analysed only in coastal fisheries
(Yorio & Caille 1999, Bertellotti &

Yorio 2000). Seabird use of fishery

MATERIALS AND METHODS

Study area and characteristics of coastal fisheries.
The Golfo San Jorge (Fig. 1) is one of the most impor-
tant coastal areas in terms of marine biodiversity and
one of the priority seabird areas in Argentina. Of the
16 seabird species breeding in Patagonia, 13 nest on is-
lands of this coastal sector, including a significant pro-
portion of the total population of some of these species
(Yorio et al. 1998b). This area is subject to several hu-
man activities, including commercial fisheries. About
20 ice trawlers operate from September to May, gener-
ally from 20 to 50 km offshore, although they occasion-
ally fish in waters outside the Golfo San Jorge, to dis-
tances >100 km offshore. These vessels are 26.4 + 2.4 m
long (range = 21.2 t0 30.9), have 458.1 + 65.0 HP (range
=380 to 624) and tow bottom nets (100 to 120 mm mesh
size; 2 and 20 m vertical and horizontal mouth open-
ings, respectively) at 3 knots. Trawls last between 2 and
3 h. The target species is the Argentine hake Merluc-
cius hubbsi. Trips by trawlers last between 1 and 5 d
(5 to 7 hauls d1). Fish are sorted on deck, and non-com-
mercial sizes of hake and bycatch species are discarded
overboard. An average of 1.5 tons of fishery waste was
produced per haul by the hake fisheries during the
study period in 2004, and total biomass discarded dur-
ing this period by all vessels operating in the area was
estimated at 4200 tons (D. Gonzélez-Zevallos & P. Yorio
unpubl. data). No offal is discarded at sea.

waste provided by high-sea trawl - s 1
fisheries, however, has not vyet
been analysed, although these

fishing fleets have a greater po-

tential of affecting seabird popula-
tions due to the larger number
of vessels and higher discarding
rates. In the present paper we
have evaluated the seabird use of
discards provided by the high-sea
trawl fishery that operates in the
Golfo San Jorge, Argentina. We
have determined the species com-
position of seabirds attending
vessels, quantified their relative
abundance in relation to the fish-
ing season and stages of fishing
operations, described their forag-
ing behaviour and quantified
mortality as a result of incidental
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Fig. 1. Map of the Golfo San Jorge, Argentina, showing the spatial distribution of
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In addition to the ice trawlers, the waters of the
Golfo San Jorge are used by about 70 freezer trawlers
targeting Argentine red shrimp Pleoticus muelleri and
a few small coastal trawlers also fishing for Argentine
hake.

Species and abundance of seabirds associated with
fishing vessels. Information was gathered on board 5
different ice trawlers (25 % of the fishing fleet size), for
a total of 89 hauls (26 fishing days) from January to
March 2003 and during January and March 2004.
Fishing operations were divided into 3 activities:
(1) haulback, lifting of the net to the vessel; (2) discard-
ing, sorting and discarding of fish while towing the net;
and (3) towing of the net after fish on board have been
classified and discards are no longer available. During
all trips and for each fishing activity, seabirds associ-
ated with the vessel were identified to species level,
and several counts were made during each haul,
totalling 241 counts (81 during 'haulback’, 76 during
‘discarding’ and 84 during ‘towing’). Mean numbers of
each species were recorded for each haul. Frequency
of occurrence was defined as the percentage of hauls
in which each species was observed.

Seabird behaviour and incidental captures in nets.
Observations on feeding behaviour, including foraging
methods (following Ashmole 1971), and interactions
between species and between birds and fishing gear
were made on an opportunistic basis. Information on
the incidental capture of seabirds was also obtained at
each haul, recording species identity, number of birds
caught and whether the bird survived. In addition, for
each haul, the number of fishing vessels operating
within sight was recorded.

Statistical analysis. Results concerning seabird use
of discards were analysed using non-parametric statis-
tics, since data on counts often presented positively
skewed distributions. Contrasts were performed using
the Z-test for non-parametric multiple comparisons.
Comparisons of numbers of seabirds associated with
the vessel during different stages of the fishing opera-
tion were made using Friedman's 2-way analysis of
variance. Results are given as mean numbers and
ranges of individuals (min., max.). The estimated num-
ber of birds killed was calculated after adapting the
methods described by Klaer & Polacheck (1995) for
longliners to trawlers:

R zHiBi
B =H 71':16
DH;
i=1

where B represents the estimated total birds caught, b
is the observed number of birds caught, H is the total
number of hauls, h is the number of observed hauls,

i = F] is the mean number of observed birds caught

1
per haul in cruise i, iis the cruise number and cis the
number of observed cruises.

Coefficients of variation (CV), expressed as a direct
ratio of standard deviation/mean (Zar 1999), are given
for estimates because these are more useful than confi-
dence intervals for comparing relative precision.

(o

RESULTS

Species and abundance of seabirds associated
with fishing vessels

A total of 14 seabird species were recorded eating
food made available by the hake trawl fishery operat-
ing in the Golfo San Jorge (Table 1). The most frequent
seabirds were the kelp gull Larus dominicanus, the
black-browed albatross Thalassarche melanophrys

Table 1. Frequency of occurrence (%) and mean numbers

(range in parentheses) per haul of seabirds attending high-

sea trawlers in the Golfo San Jorge during the fishing seasons
of 2003 and 2004

Species Frequency of Mean
occurrence

Kelp gull 98.9 207.0 (0-1600)
Larus dominicanus®

Black-browed albatross 98.9 94.2 (0-600)
Thalassarche melanophrys

White-chinned petrel 91.0 8.4 (0-100)
Procellaria aequinoctialis

Great shearwater 88.8 38.2 (0-800)
Puffinus gravis

Southern giant petrel 83.1 1.6 (0-195)
Macronectes giganteus®

Imperial cormorant 77.5 19.1 (0-200)
Phalacrocorax atriceps®

Sooty shearwater 50.6 2.7 (0-100)
Puffinus griseus

Magellanic penguin 49.4 8.2 (0-200)
Spheniscus magellanicus®

Antarctic skua 47.2 0.4 (0-8)
Catharacta antarctica®

South American tern 39.3 1.7 (0-40)
Sterna hirundinacea®

Wilson's storm-petrel 18.0 0.6 (0-12)
Oceanites oceanicus

Cayenne tern 13.5 1.1 (0-45)
Sterna eurygnatha®

Royal albatross 9.0 0.04 (0-1)
Diomedea epomophora

Sheathbill 2.2 0.01 (0-1)
Chionis alba

Mean number of species per haul 5.9 (0-10)

Mean number of birds per haul 383.3 (0-2012)

“Species that breed in Patagonia; n = 89 hauls
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Table 2. Mean number (range in parentheses) of individuals per haul for the 6 most frequent seabirds attending high-sea trawlers
at Golfo San Jorge during different months of the fishing season of 2003 (n = 50 hauls) and 2004 (n = 39 hauls)

Species Jan Feb Mar Kruskal-Wallis
2003 n=7 n=11) (n=32) H p
Kelp gull 231.0 (16-500) 137.0 (0-400) 83.3 (0-800) 25.5 <0.001
Black-browed albatross 120.2 (10-300) 47 8 (0-150) 73 4 (0-600) 8.9 0.011
White-chinned petrel 42 4 (7- 100) 9 (0-25) 6 (0-50) 58.8 <0.001
Great shearwater 6 (0- 2 (0-50) 83 3 (0- 800) 76.5 <0.001
Southern giant petrel 5 (0- 2 (0-11) 0 (0- 18.6 <0.001
Imperial cormorant 0. 05 (0- ] 13 6 (0-70) 13 7 (0— 200] 19.6 <0.001
Mann-Whitney
2004 (n=19) =) (n=20) U p
Kelp gull 428.7 (10-1500) - 252.3 (0-1600) 854.5 0.007
Black-browed albatross 186 7 (0-500) - 58 7 (0-350) 813.5 0.003
White-chinned petrel 6 (0-12) - 7 (0-20) 980.5 ns
Great shearwater 6 (0-5) - 19 5 (0-200) 593 <0.001
Southern giant petrel (0 15) - 5 (0-5) 669.5 <0.001
Imperial cormorant 37.6 (0-200) - 22 1 (0-200) 895.5 0.014
and the white-chinned petrel Procellaria aequinoctia- chinned petrels were similar between months

Iis, followed by the great shearwater Puffinus gravis,
southern giant petrel Macronectes giganteus, imperial
cormorant Phalacrocorax atriceps and sooty shear-
water Puffinus griseus. The most abundant seabirds
were the kelp gull and black-browed albatross. The
rest of the species were observed in low numbers and
in <50 % of hauls (Table 1).

The abundance of the seabirds most frequently asso-
ciated with the fishery (kelp gull, black-browed alba-
tross, white-chinned petrel, great shearwater, south-
ern giant petrel and imperial cormorant) varied among
sampled months during 2003 (Fig. 2). Mean numbers
of kelp gulls were highest during January and de-
creased towards March (Table 2), with flock sizes
which varied between 2 and 800 individuals (Fig. 2).
Great shearwaters were significantly more abundant
in March (Z-test = 14.84; p < 0.001), when flock sizes
reached 800 birds (Fig. 2). Numbers of white-chinned
petrels were significantly higher during January
(Table 2), reaching a maximum of 100
birds per haul (Fig.2). Imperial cor-
morants were almost absent in counts
during January, and southern giant

(Table 2). Flock sizes for the 3 most abundant species
varied between a few and several hundred individuals,
with a maximum of 1600 birds in the case of the kelp
gull (Fig. 2). Similar to what was observed in 2003,
southern giant petrels were recorded in groups of <15
individuals (Fig. 2). Mean numbers of kelp gulls and
imperial cormorants per haul were significantly higher
in 2004 than in 2003, while those for great shearwater
and white-chinned petrel were significantly lower in
2004 (Table 3). For the rest of the species, the number
of individuals per haul did not differ between years
(Table 3).

Total seabird abundance varied significantly be-
tween stages of the fishing operation, with total
numbers being higher during discarding and haul-
back than during towing (Table 4). Except for the
kelp gull, no significant differences were found in
seabird numbers between haulback and discarding
(Table 4).

Table 3. Abundances of the 6 most frequent seabird species (mean number
and range per haul) during January and March of 2003 and 2004. ns: not

petrels were recorded in groups of <11 significant
individuals (Fig. 2). The number of black-
browed albatrosses varied between 1 and Species 2003 2004 Mann-Whitney
600 individuals (Fig. 2). During 2004, (n =50) (n=39) vop
numbers of kelp gulls, black-browed Kelp gull 114.8 (0-800) 337.0 (0-1600) 2893.5 <0.001
albatrosses, southern giant petrels and Black-browed albatross 75.8 (0-600) 1202 (0-500) 5655.5 ns
imperial cormorants were significantly White-chinned petrel 11.8 (0-100) 7 (0-20) 3609  <0.001
higher during January, while the great Great Shea:rwater 576(0 800) 109(0 200) 2479.5 <0.001
. Southern giant petrel 5(0-11) 1.74 (0-195) 5551.5 ns
shearwater was more abundant during Imperial cormorant 11 6(0-200) 29.5 (0-200)  3422.5 <0.001
March (Table 2). Numbers of white-




Number of individuals

Gonzalez-Zevallos & Yorio: Seabird interactions with hake trawl fisheries

179

2003 2004

1600 Kelp gull

1200

800
400 | || | I | || |
0

600 Black-browed albatross
400
200
0
1004 White-chinned petrel

| | KTRFA N

Great shearwater

800
600
400
200

15 Southern giant petrel

10

o .|| ||I|||| Al

Imperial cormorant
200

150
100

o IO |,.|| I

1 11 21 31 41 51 1 11 21 31
Jan Feb Mar Jan Mar

Number of hauls

Fig. 2. Flock sizes of the 6 most abundant seabird species
associated with hake trawl vessels in the Golfo San Jorge
during the sampled periods in 2003 and 2004

Feeding behaviour

Seabirds took advantage of food provided by fishing
activities at several stages of the fishing operations
using different feeding methods (Table 5). Seabirds
fed mainly on fish and invertebrates thrown overboard
during discarding activities, but they also obtained
prey from, or which fell off, the net during haulback,
and frequently captured marine organisms brought to
the surface by the vessel and net during towing.

In 47 % of hauls (n = 89), between 1 and 5 vessels
were operating at about the same time and relatively
close to each other (1 to 3 km) at the same fishing area.
Seabirds were frequently observed coming from other
vessels when haulback activities started.

Seabird incidental mortality

The incidental capture of seabirds in nets was
recorded in 37 % of the hauls analysed during the 2
study years (n = 89 hauls). A total of 104 individuals
were caught, of which 9.4 % were able to escape alive.
Mean capture rate was 1.2 birds per haul (n = 89 hauls).
The 96 birds that were killed corresponded to 3 of the
14 species observed in association with fishing vessels:
the great shearwater, the imperial cormorant and the
Magellanic penguin Spheniscus magellanicus. These
3 species were incidentally caught in nets during
haulback, with rates that varied between months and
years (Table 6). In general, incidental mortality was
higher during the months when the number of associ-
ated seabirds was highest (Table 6). For the 3 species,
the number of individuals killed differed between
years. Incidental mortality of great shearwaters and im-
perial cormorants was higher in 2003, while more Mag-
ellanic penguins were killed in 2004 (Table 6). In 81 %
of hauls where incidental mortality was recorded (n =
32) several individuals of the same species were
caught, reaching a maximum number per haul of 10, 7
and 6 individuals for the great shearwater, Magellanic
penguin and the imperial cormorant, respectively.

A total of 19 high-sea ice trawlers operated during
the study period, with a total of 602 and 455 fishing
days in 2003 and 2004, respectively (Secretaria de
Pesca de la Provincia de Chubut, Delegacién Zona Sur,
unpubl. data). Considering that each vessel conducts a
minimum of 5 hauls d-! during the height of the fishing
season, an estimated total of 3010 and 2275 hauls were
made during 2003 and 2004, respectively. The esti-
mated total number of birds killed for the 3 mo of study
in 2003 was 3522 (CV = 0.88), including 2254 (CV =
1.1) great shearwaters, 1233 (CV = 1.1) imperial cor-
morants and 35 (CV = 2.4) Magellanic penguins. Dur-
ing the 2 mo period in 2004, the total estimated number
of birds killed was 1827 (CV = 0.7). This included 1516
(CV = 1.1) Magellanic penguins and 311 (CV = 1.7)
imperial cormorants. It has to be stressed that the
estimates presented are just an indication of the actual
figures of birds killed.

Black-browed albatross and kelp gull mortality was
also recorded during opportunistic observations made
at the stern of the vessel during discarding activities.
Birds were struck by the warp cable while feeding on
discards from the surface, and drowned when they
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Table 4. Mean number (range in parentheses) of individuals per haul during different stages of the fishing operation (n =
89 hauls) for the 6 most frequent seabird species. Different letters indicate significant differences among different stages of the
fishing operation

Species Haulback Discarding Towing Friedman
T? P
Kelp gull 249.1 (0-1600) (B) 340.4 (0-1500) (C) 45.6 (0-300) (A) 43.7 <0.001
Black-browed albatross 127.6 (0-500) (B) 143.3 (0-600) (B) 17.6 (0-60) (A) 51 <0.001
White-chinned petrel 9.9 (0-100) (B) 12.2 (0-100) (B) 3.6 (0-20) (A) 9.5 <0.001
Great shearwater 54.4 (0-500) (B) 43 9 (0-800) (B) 10.8 (0-40) (A) 5.5 0.005
Southern giant petrel 2.9 (0-15) (B) 3 (0-11) (B) 0.6 (0-10) (A) 17.9 <0.001
Imperial cormorant 32.2 (0-200) (B) 16 9 (0-200) (B) 8.4 (O 90) (A) 5.2 0.006
Total no. of individuals (14 species) 498.6 (0-2012) (B) 576.7 (0-957) (B) 97.2 (0-360) (A) 49.1 <0.001

Table 5. Feeding methods (based on Ashmole 1971) used by
seabirds associated with high-sea trawlers in the Golfo San
Jorge during the fishing seasons of 2003 and 2004 (n = 89 hauls)

Species Feeding method

Kelp gull Surface plunging, surface-seizing,
and intra and interspecific

kleptoparasitism

Black-browed albatross Surface-seizing, diving (up to 2 or
3 m depth), and intra- and inter-
specific kleptoparasitism

Great shearwater Surface-seizing, diving

(to >5 m depth)

Surface-seizing, diving

(to >5 m depth)

Surface-seizing, scavenging and

preyed upon other seabirds

associated with the vessel

White-chinned petrel

Southern giant petrel

Imperial cormorant
Magellanic penguin

Pursuit diving
Pursuit diving
Sooty shearwater Surface-seizing, diving
(to >5 m depth)

Aerial kleptoparasitism
Plunge-diving
Pattering

Antarctic skua

South American tern
Wilson's storm-petrel
Cayenne tern Plunge-diving
Royal albatross
Sheathbill

Surface-seizing

Landed on the vessel and took
fish left after the catch was sorted

were dragged underwater. During 32 hauls in March
2003, 3 black-browed albatrosses were Kkilled, result-
ing in an estimated mortality of at least 111 individuals
during that month. No gulls were killed in 2003. Two
cases of black-browed albatross mortality were
recorded in a total of 39 hauls during January and
March 2004, and thus at least 117 individuals could
have been killed during those months. A total of 3 kelp
gulls were killed by cables during 2004, resulting in an
estimated mortality of at least 175 gulls during the
study period in that year.

Table 6. Incidental capture and estimated mortality for great

shearwaters Puffinus gravis, imperial cormorants Phala-

crocorax atriceps and Magellanic penguins Spheniscus
magellanicus during the study period (n = 89 hauls)

2003 2004
Jan Feb Mar Jan Mar
Total estimated hauls 780 1040 1190 1070 1205
for the whole fishery
Sampled hauls 7 11 32 19 20
Great shearwater
Flock size 2-3 2-50 2-800 2-5 2-200
No. of individuals killed 0 0 42 0 0
Mortality rate (ind. haul') - - 1.31 - .
Estimated total mortality 2254 0

Imperial cormorant

Flock size 1 2-70 2-200 2-2002-200
No. of individuals killed 0 0 23 0 5
Mortality rate (ind. haul™!) - - 072 - 0.25
Estimated total mortality 1233 311
Magellanic penguin
Flock size 2 2-24 2-6 4-200 2-3
No. of individuals killed 0 1 0 25 0
Mortality rate (ind. haul'’) - 0.09 - 131 -
Estimated total mortality 35 1516
DISCUSSION

Fourteen seabird species ate fishery waste provided
by the high-sea trawl fishery operating in the Golfo
San Jorge. Of the 14 species reported here, 13 had
been previously observed attending coastal fisheries in
the Golfo San Jorge (8 species) or elsewhere in Pata-
gonia (Yorio & Caille 1999). However, some species
were present in almost all hauls, while others were
recorded infrequently and at very low numbers. As
was observed in Patagonian coastal fisheries (Yorio &
Caille 1999, Bertellotti & Yorio 2000), the kelp gull and
the black-browed albatross were the 2 most frequent
and abundant species at trawlers. These 2 seabirds
regularly associate with fishing vessels throughout
their hemispheric distribution, showing their ability to
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take advantage of food made available by fisheries
throughout their range and the importance of discards
for their populations (Fordham 1970, Abrams 1983,
Petyt 1995, Thompson & Riddy 1995, Branco 2001,
Weichler et al. 2004).

As expected, seabird abundances were higher dur-
ing haulback and discarding (i.e. when the most food
was available). Similar results were found in studies of
trawlers operating in the Golfo San Matias, Argentina,
and in other regions (e.g. Bertellotti & Yorio 2000,
Arcos & Oro 2002). The variability in the number of
seabirds in relation to the different fishing activities
also suggests that seabirds move among vessels oper-
ating in the same fishing area, taking advantage of the
food resources when they were more available. During
most hauls (47 %), between 1 and 5 vessels were oper-
ating at about the same time and relatively close to
each other (within 3 km radius).

Argentine hake Merluccius hubbsi constitutes >90 %
percent of the catch in the high-sea trawl fisheries
operating in the Golfo San Jorge (D. Gonzalez-Zevallos
& P. Yorio unpubl. data). Although discard composition
was not quantified, this suggests that a significant frac-
tion of fishery waste consists of individual Argentine
hake below commercial size (which is 30 cm long).
Argentine hake discarded at the high-sea trawl fishery
in the Golfo San Jorge was taken by most seabirds. It
should be noted that Argentine hake is a demersal
species that is not normally available to seabirds that
surface-feed. Thus, the high-sea trawl fishery provides
seabirds feeding at the Golfo San Jorge with several
thousand tons of food per year, a highly abundant and
predictable food source that would not be accessible if
it were not for fishery activities. Given that seabirds
only consume a fraction of the total fish biomass dis-
carded due to the differential selection of species and
sizes of discarded fish (e.g. Hudson & Furness 1989,
Camphuysen 1994, Bertellotti & Yorio 2000), future
studies should focus on the evaluation of prey prefer-
ences and percentage of discards consumed by differ-
ent seabirds, to better understand the contribution of
this supplementary food source to seabird populations.

Several authors have suggested that the use of fish-
ery waste by some seabirds has contributed to their
population growth (Furness 2003). Of the seabirds that
nest in Patagonia and that took advantage of discards,
the kelp gull is the most abundant and widely distrib-
uted species (Yorio et al. 1998b). Kelp gulls in Patago-
nia are feeding generalists (Bertellotti & Yorio 1999),
and usually take advantage of fishery waste at sea
(Yorio & Caille 1999, Bertellotti & Yorio 2000). Because
fish is valuable in energy and nutritional terms (Pierotti
& Annett 1991, Bolton et al. 1992, Annett & Pierotti
1999), the consumption of waste fish is probably ad-
vantageous for kelp gull breeding success and sur-

vival, particularly for young individuals. Many kelp
gull colonies have increased in number during the last
2 decades (Yorio et al. 1998a), including those located
within the Golfo San Jorge, and it has been suggested
that the use of discards and other food sources outside
their natural diet (e.g. urban waste and fish waste from
processing plants) may be contributing to the observed
kelp gull population expansion (Bertellotti & Yorio
2000, Giaccardi & Yorio 2004, Yorio & Caille 2004).

Although discard use may be beneficial for some
birds, attraction to vessels to make use of this resource
may result in mortality due to interactions with fishing
gear (Baird & Thompson 2002, Baker et al. 2002, Sulli-
van 2004). Imperial cormorants, Magellanic penguins
and great shearwaters were incidentally caught during
haulback. These species usually dive to take prey
directly from the net during this stage, increasing their
chances of becoming entangled. Diving behaviours,
thus, make these seabirds more vulnerable to inciden-
tal capture in nets. Although black-browed albatrosses
were recorded diving a few metres to obtain sinking
prey, diving is not their usual feeding method to obtain
discards. However, black-browed albatrosses as well
as kelp gulls were drowned when their wings were
trapped in the cables that hold the net while they were
attempting to obtain discards behind the vessel. Black-
browed albatrosses, as well as many kelp gull individ-
uals, take discards from the surface behind the vessel,
increasing the chances of mortality. Cases of incidental
mortality due to the birds being dragged under water
after being struck by the warp cable have been
recently reported for vessels operating in the Malvinas
(Falkland) Islands Exclusive Economic Zone (Sullivan
& Reid 2002, Sullivan 2004). The rate of mortality in
fishing gear appears to be related to the number of
birds associated with the vessel, as, in general, inci-
dental capture of great shearwaters, imperial cor-
morants and Magellanic penguins occurred during the
months when their highest abundances were
recorded. In addition, bird densities and high activity
during prey obtention at the haulback stage may
favour the occurrence of incidental captures (authors'
pers. obs.).

Incidental mortality of the 3 species has been pre-
viously recorded in fishing vessels operating in the
Argentine continental shelf. About 650 Magellanic
penguins have been estimated to be killed per summer
in the Argentine shrimp fishery also operating in the
Golfo San Jorge (Gandini et al. 1999), about 100 indi-
viduals yr! in the silverside Sorgentinia incisa fishery
operating from Puerto Quequén in the southern Buenos
Aires Province (Tamini et al. 2002) and 84 individuals
during a 19 mo period in Patagonian coastal fisheries
(Yorio & Caille 1999). This study suggests that high-sea
trawlers fishing for Argentine hake could have a
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greater impact on Magellanic penguin populations
than previously studied fisheries. Imperial cormorant
mortality has also been recorded, although in lower fre-
quency, in the Argentine shrimp fishery (Gandini et al.
1999) and in Patagonian coastal fisheries (Yorio & Caille
1999). Magellanic penguin and imperial cormorant
breeding populations in the Golfo San Jorge have been
estimated at 463000 and 31000 individuals, respec-
tively (Yorio et al. 1998b), and therefore mortality at
hake trawl vessels may be significant for at least imper-
ial cormorants during some years. However, it should
be noted that given the uncertainty associated with the
mortality estimates, these should only be considered an
indication of the actual figures of birds killed.

The black-browed albatross is catalogued as endan-
gered according to UICN criteria (Birdlife-International/
UICN 2001), so the observed mortality is a matter of
concern. Black-browed albatross populations have
shown a significant reduction in numbers, particularly
at the South Georgia, Kerguelen and Malvinas Islands
(Robertson & Gales 1998, Huin 2001), and it has been
argued that this is in part a result of the incidental mor-
tality recorded in longline fisheries (Robertson & Gales
1998). Recent information indicates that the black-
browed albatross is one of the species most affected by
the longline fisheries operating on the Argentine con-
tinental shelf (Favero et al. 2003) and by the trawlers
operating in the water of the Malvinas Islands (Sulli-
van 2004). This study shows that >100 birds of this spe-
cies were drowned in each of the studied periods when
they were trapped by cables. However, it has to be
noted that such mortality is probably underestimated,
because no continuous observations were made from
the stern of the vessel, and thus some birds caught in
the cables could have rapidly disappeared underwater
without being seen. In some cases, drowned black-
browed albatrosses and kelp gulls were recovered
when they came in caught in the cable during the next
haul (authors' pers. obs.).

The evaluation of incidental capture of seabirds by
high-sea trawlers operating on the Argentine conti-
nental shelf has mainly been based on records of the
direct mortality of seabirds in nets, or through inter-
views with vessel captains after their return to port
(Gandini et al. 1999, Yorio & Caille 1999, E. Crespo
pers. comm.). This study suggests that the estimations
of seabird mortality using such methods may be inade-
quate for some species, as birds killed due to their
interactions with fishing gear may be overlooked if
continuous observations behind the vessels are not
made. Therefore, protocols of high-sea trawl vessels
should include the sampling of seabird feeding behav-
iour behind the vessel, so as to correctly quantify mor-
tality rates of some species associated with discard
operations.

The results obtained in this study show that the hake
trawl fishery operating in the Golfo San Jorge might
have a significant effect on some seabird populations
through the provision of fishing waste, particularly for
kelp gulls and, probably, black-browed albatrosses. In
addition, results show that seabird attraction to fishing
vessels to feed on waste fish can increase their mortal-
ity due to incidental captures, and may be having an
important negative effect on some seabird populations.
The total effect on seabird populations feeding in the
Golfo San Jorge is probably higher than that observed
in this study, as other high-sea fishing fleets operate in
the area. Therefore, future research efforts should
focus on the evaluation of the interaction between
seabirds and high-sea trawlers, in order to obtain a
more integrated knowledge on the fishing effects on
seabirds feeding in the Golfo San Jorge.
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