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FISHERY DISCARDS AND INCIDENTAL MORTALITY OF SEABIRDS
ATTENDING COASTAL SHRIMP TRAWLERS AT ISLA ESCONDIDA,
PATAGONIA, ARGENTINA

CRISTIAN JAVIER MARINAO'* AND PABLO YORIO?

ABSTRACT.—We evaluated seabird attendance and incidental mortality at coastal trawl vessels targeting Argentine red
shrimp (Pleoticus muelleri) in the Isla Escondida fishing area, Argentina, during 2006-2007 and 2007-2008. Eight seabird
species attended vessels, and the most frequent and abundant seabird (percent occurrence, mean number per haul) in the two
seasons was the Kelp Gull (Larus dominicanus) (100%, 112.3 and 100%, 263.4, respectively), followed by the Black-
browed Albatross (Thalassarche melanophris) (85%, 17.6, and 90%, 32.4, respectively). Eleven Magellanic Penguins
(Spheniscus magellanicus) and one Imperial Shag (Leucocarbo atriceps) were killed in nets with a mean capture rate of
0.003 and 0.0003 birds per haul, respectively. The estimated total number of birds killed was 53 penguins and five shags
considering the total number of hauls made by the fishery in the two seasons. No contacts between seabirds and warp cables
were recorded. Coastal shrimp vessels generally operated between 15 and 20 km offshore, at a mean distance from the main
Kelp Gull colony (Punta Tombo) of 43.9 km. At least 100 fish and invertebrate species were discarded, mostly Argentine
hake (Merluccius hubbsi). Total amount discarded per season by this coastal fishery in the two seasons was estimated at
3,284 and 6,590 tonnes, respectively. The coastal shrimp fishery in the Isla Escondida area appears to have a small impact
on seabirds in terms of incidental mortality but provides significant amounts of supplementary food during the breeding

season of the Kelp Gull. Received 27 January 2011. Accepted 22 May 2011.

Commercial fishing can generate important
alterations in marine ecosystems and have impor-
tant effects on top predators (Pauly et al. 2005).
Seabirds are among the top predators which most
regularly interact with fisheries, and can be
negatively affected as a result of incidental
capture and competition for common resources
(Duffy and Schneider 1994, Tasker et al. 2000,
Montevecchi 2002). In addition, due to the low
selectivity of fishing gear, trawl fisheries discard
large amounts of fish and invertebrates (Alverson
et al. 1994) which are used by many organisms,
including seabirds (Garthe et al. 1996, Furness et
al. 2007). Discard consumption at sea is currently
an important component of the trophic ecology of
many seabird species (Camphuysen 1994, Garthe
and Hiippop 1994), and many studies show that
provision of this supplementary food may affect
at-sea distribution, body condition, individual
survival, and breeding success (e.g., Ryan and
Moloney 1988, Hudson and Furness 1989, Oro
1999, Hiippop and Wurm 2000, Grémillet et al.
2008). In addition, it has been argued that discard
use can contribute to population growth of some
species of seabirds (Furness 2003), although there
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is some controversy (Camphuysen and Garthe
1999, Thompson 2006). Attraction to vessels may
also result in incidental mortality from drowning
in fishing gear and/or collisions with warp cables
(Weimerskirch et al. 2000, Gonzalez-Zevallos and
Yorio 2006, Sullivan et al. 2006, Watkins et al.
2008, Favero et al. 2011).

The use of fishing discards has been evaluated
in several regions worldwide (Abrams 1983,
Furness et al. 1988, Blaber and Wassenberg
1989, Thompson 1992, Oro and Ruiz 1997,
Branco 2001, Garthe and Scherp 2003, Wickliffe
and Jodice 2010). Seabird attendance and
discard use in Argentina has been analyzed for
several trawl fisheries (Yorio and Caille 1999,
Bertellotti and Yorio 2000b, Gonzdlez-Zevallos
and Yorio 2006), including the coastal fishery
that operates in the Isla Escondida area,
Patagonia. However, information available for
this fishery includes only identification and
frequency of occurrence of attending seabirds
(Yorio and Caille 1999) and further information
is required to adequately interpret the magnitude
of the seabird-fishery interaction. One of the
main species taking advantage of discards at this
and other Patagonian coastal fisheries is the
Kelp Gull (Larus dominicanus) (Yorio and
Caille 1999, Bertellotti and Yorio 2000b,
Gonzilez-Zevallos and Yorio 2006). Kelp Gull
populations have increased since the 1980s, and
it has been suggested that human-derived food
sources have been an important factor (Yorio et
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FIG. 1. Isla Escondida fishing area indicating location of Escondida Island, Punta Clara, and Punta Tombo, Argentina,

seabird colonies.

al. 1998a, Yorio et al. 2005). Kelp Gulls and
other gulls worldwide can negatively affect other
coastal birds through predation, competition for
breeding space and kleptoparasitism, and gener-
ate conflicts with human populations (Yorio et
al. 1998a, Frere et al. 2000, Albarnaz et al.
2007). Thus, knowledge of how seabirds use
fishery waste provided by the Isla Escondida
coastal fishery will contribute to ecosystem-
based fisheries management, and provide valu-
able information on the contribution of supple-
mentary food to an expanding gull population.
The goal of our study was to analyze the
interactions between seabirds and coastal trawl
vessels targeting Argentine red shrimp (Pleoticus
muelleri) in the Isla Escondida fishing area with
emphasis on the Kelp Gull. We identified the
species composition of seabirds attending vessels
during two fishing seasons, quantified their
relative abundance in relation to the fishing
season and stages of fishing operations, quanti-
fied mortality as a result of incidental capture of
birds attracted to the vessels to make use of
fishery waste, and assessed the quantity and
composition of discards potentially available to
seabirds.

METHODS

Study Area and Characteristics of the Fish-
ery.—The study area comprised the coastal waters
up to 22.2 km offshore under the jurisdiction of
Chubut Province from 43° 20" S to 44° 02" S
(‘Isla Escondida’ fishing area) (Fig. 1). The
coastal trawl fishery operating at Isla Escondida
targets Argentine red shrimp or Argentine hake
(Merluccius hubbsi) depending on resource avail-
ability and market demands, but we only evalu-
ated shrimp vessels which were responsible for
about 80% of the effort of the fishery during the
study years. The fishery consists of 35-40 coastal
ice trawlers, 21 m long, which operate from
November to March. Shrimp vessels remain 1 or
2 days in the fishing area, making on average
seven hauls per day lasting on average 1 hr each
(Secretaria de Pesca de la Provincia de Chubut,
unpubl. data). Shrimp are sorted on deck, and non-
commercial sizes and bycatch species are dis-
carded overboard either as a constant stream or in
pulses depending on the composition of the catch.

The study area includes three breeding sites
(Fig. 1) of seabirds which regularly interact with
coastal fisheries in Patagonia: Punta Tombo, Punta
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Clara, and Escondida Island (Yorio et al. 1998b).
Punta Tombo (44° 02" S, 65° 11" W) is one of the
main breeding sites of Magellanic Penguins (Sphe-
niscus magellanicus; 175,000 pairs) on the Patago-
nian coast, and has the main Kelp Gull colony in this
coastal sector (5,400 pairs). Other species breeding
at this location include Imperial Shag (Leucocarbo
atriceps) and Brown Skua (Stercorarius antarc-
ticus). Punta Clara (43° 58’ S, 65° 15" W), 7 km
north of Punta Tombo, includes 70,000 Magellanic
Penguin and 40 Kelp Gull pairs. About 500 Imperial
Shag pairs breed at Escondida Island (43° 43’ S, 65°
17" W). Kelp Gulls in the study area start laying in
early November, most eggs hatch in early January,
and chicks fledge during February (Bertellotti and
Yorio 1999). Magellanic Penguins arrive at breed-
ing sites in early September, start laying in early
October, eggs start hatching in early November,
most chicks fledge in February, and the last adults
leave the colony for their winter migration during
April (Boersma et al. 1990). Imperial Shags arrive at
the Punta Tombo colony during August, start laying
in late October, eggs hatch in late November, and
the last chicks fledge in late March (Malacalza
1984).

Species and Abundance of Seabirds Attending
Vessels.—We gathered information on board 15
coastal shrimp trawlers (38% of the fishing fleet)
during regular fishing operations from December
2006 to March 2007 and from December 2007 to
February 2008. We gathered information during
each trip for only one haul per day during midday,
totaling 20 hauls (20 fishing days) in each of the
fishing seasons. More than 80% of hauls in each
season corresponded to the months of January and
February, i.e., during seabird incubation and chick
rearing. We identified seabirds attending the
vessel during all hauls to species level and
recorded their numbers. We made counts during
a 10-min observation period from the stern of the
vessel, only once at the beginning of discarding
(sorting and discarding fish while towing the net),
covering up to a 100-m radius. We also gathered
information during haulback (lifting of the net to
the vessel) during the 2007-2008 fishing season
and identified Kelp Gulls into adult and young
(juvenile and sub-adult) individuals based on
plumage characteristics (Bo et al. 1995). We
defined frequency of occurrence as the percentage
of hauls in which each species was observed. In
addition, we recorded the number of fishing
vessels operating within sight (<10 km) for each
haul.

711

Seabird Incidental Mortality.—We obtained
information on incidental captures of seabirds in
nets, including species’ identity and number of
birds caught in each haul, from the data base of
the On-board Observer Program of Chubut
Province, of which the first author was part, for
the 2006-2008 period (n = 3,149 hauls). In
addition, for the 40 hauls in which we evaluated
seabird attendance, we quantified their interaction
with warp cables to examine the occurrence of
contacts and associated mortality. Observations at
each haul were made from the stern of the vessel
during the period when fish were discarded
(~10 min to 3 hrs, depending on size of the
catch).

Spatial Distribution of the Fishery and Discard
Composition.—We mapped the distribution of
hauls in both fishing seasons obtained from the
data base of the On-board Observer Program of
Chubut Province using ArcView 3.2 (ESRI 1998)
to assess the spatial and temporal distribution of
operating shrimp vessels. We present haul distri-
bution as density maps on a 5 X 5 km grid. We
calculated the distances of each haul to Punta
Tombo, Punta Clara, and Escondida Island using
the same software.

We estimated the total amount discarded by the
coastal trawl fishery in each study year extrapo-
lating the mean value (in kg) corresponding to
hauls evaluated by the On-board Observer Pro-
gram during the entire fishing season (Nov to
Mar) to the total number of hauls made by the
fishery during that period. We estimated the total
number of hauls made by the fishery by dividing
the declared catch in the study period (Secretaria
de Agricultura, Ganaderia, Pesca y Alimentacién
of Argentina, unpubl. data) by the mean catch of
observed hauls (On-board Observer Program of
Chubut Province, unpubl. data). We estimated the
amounts discarded per haul subtracting the
retained catch from the total catch, and obtained
the total catch for each haul averaging the
independent estimates made by the vessel captain
and the on-board observer.

We obtained information on the catch compo-
sition by shrimp vessels from the data base of the
On-board Observer Program of Chubut Province,
totaling 1,219 hauls corresponding to the months
of December to March and December to February
in the 20062007 and 2007-2008 fishing seasons,
respectively. Personnel of the On-board Observer
Program estimated the abundance of caught prey
in each haul and assigned them to one of four
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TABLE 1.

Frequency of occurrence (%F) and abundance (mean * SD; range in parentheses) per haul of seabirds

attending coastal shrimp trawlers in the Isla Escondida area, Argentina, during fishing seasons of 2006-2007 (n = 20 hauls)
and 2007-2008 (n = 20 hauls). (*): Species that breed in Chubut.

2006-2007 2007-2008
Species JoF Abundance PoF Abundance Mann-Whitney

Kelp Gull* (Larus dominicanus) 100 112.3 = 68.4 (30-270) 100  263.4 = 384.3 (32-1,700) P = 0.09
Black-browed Albatross

(Thalassarche melanophris) 85 17.6 = 18.0 (0-60) 90 32.4 * 47.3 (0-210) P =0.39
White-chinned Petrel (Procellaria

aequinoctialis) 50 5.9 = 9.5 (0-30) 90 9.9 = 11.7 (0-55) P =0.20
Imperial Shag* (Leucocarbo

atriceps) 75 7.3 = 15.3 (0-70) 90 17.8 = 29.5 (0-100) P =0.14
Magellanic Penguin* (Spheniscus

magellanicus) 30 0.8 = 1.3 (04) 55 13.7 £ 24.9 (0-80) P = 0.04
Southern Giant Petrel*

(Macronectes giganteus) 45 1.1 £ 1.8 (0-6) 25 0.9 = 2.7 (0-12) P =0.03
Great Shearwater (Puffinus gravis) 5 0.3 = 1.1 (0-5) 45 1.4 = 2.2 (0-8) P = 0.006
Sooty Shearwater (P. griseus) 30 1.6 = 3.2 (0-11) 0 0 P = 0.009

categories, based on their percent representation
in the catch: (1) dominant (Do): >50% of the
catch, its presence gives the general appearance to
the catch; (2) abundant (Ab): between 25 and 50%
of the catch, its presence is easily detected; (3)
common (Co): between 5 and 25% of the catch,
its presence is detected when paying attention and
searching through the catch; and (4) rare (Ra):
<5% of the catch, only a few individuals.
Similarly, the fate of species caught in each haul
was assigned to one of three categories: (1) totally
discarded (TDi), (2) totally retained (TRe), and
(3) partially retained (PRe). We defined the
frequency of occurrence for each caught species
as the percentage of hauls in which each species in
the catch was observed.

RESULTS

Species and Abundance of Seabirds Attending
Vessels.—Eight seabird species were recorded
foraging upon discards from the coastal shrimp
fishery in the Isla Escondida area (Table 1). The
most frequent and abundant seabird was the Kelp
Gull, which was present at all hauls evaluated in
both years, followed by Black-browed Albatross
(Thalassarche melanophris) (Table 1). Flock size
of both species varied throughout the fishing
season, reaching 270 and 1,700 Kelp Gulls, and
60 and 210 Black-browed Albatrosses in the two
study seasons, respectively (Fig. 2). Young Kelp
Gulls during the 2007-2008 fishing season were
recorded at 85% of hauls, but in significantly
lower numbers than adults (X = SD, 44.2 * 88.0.;

range = 0-400; n = 20 vs. 219.3 = 300.8; range
= 25-1,300; n = 20, respectively; Wilcoxon test
W = 0.002, P < 0.0001).

Frequencies of occurrence of White-chinned
Petrels (Procellaria aequinoctialis) and Imperial
Shags, particularly during the 2007-2008 fishing
season, were relatively high, although abundances
were relatively low (Table 1). The highest number
of White-chinned Petrels was recorded during the
2007-2008 fishing season (55 individuals). When
present, Imperial Shag numbers varied between 1
and 100 individuals (Fig. 2). Magellanic Penguins
and Great Shearwaters (Puffinus gravis) during
2007-2008 had frequencies of occurrence <50%,
but their abundances were low (Table 1). South-
ern Giant Petrels (Macronectes giganteus) and
Sooty Shearwaters (P. griseus) had low frequen-
cies of occurrence and only a few individuals per
haul.

The mean numbers of Magellanic Penguins,
Southern Giant Petrels, Great Shearwaters, and
Sooty Shearwaters were significantly higher
during 2007-2008 than in 2006-2007 (Table 1).
Only the Kelp Gull and Black-browed Albatross
of the four most frequent and abundant species
attending vessels had significantly higher numbers
during discarding than haulback (Table 2). Num-
bers of Kelp Gulls and Black-browed Albatrosses
attending a vessel were significantly higher when
there were only one or two vessels operating
simultaneously than when there were three or
more (Kelp Gulls: 569.5 = 623.1 vs. 132.2 *=
69.9, Mann-Whitney U = 82, P = 0.03; Black-
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FIG. 2. Numbers of the four most frequent and abundant seabird species attending coastal shrimp trawlers in the Isla
Escondida area, Argentina, during the (A) 2006-2007 and (B) 2007-2008 fishing seasons.

browed Albatross: 64.8 £ 73.8 vs. 18.4 = 22.0,
Mann-Whitney U = 88, P = 0.01).

Incidental Seabird Mortality.—Fifteen individ-
uals were caught in 3,149 hauls evaluated by the
On-board Observer Program, of which three were
able to escape alive. The 12 birds killed included
11 Magellanic Penguins and one Imperial Shag,
resulting in a mean mortality rate of 0.003 and
0.0003 birds per haul, respectively. Extrapolating
this value to the total number of hauls by the Isla

Escondida fishery in the 2 years (n = 15,232
hauls), we estimated a total of 53 penguins and 5
shags were killed in nets. These estimates are an
indication of the actual numbers of birds killed.
No contacts (fatal and non-fatal) between seabirds
and warp cables were recorded (n = 40 hauls).
Spatial Distribution of the Fishery and Discard
Composition.—Hauls were distributed between
43° 30" and 44° 10’ S during both study years with
most occurring between 43° 65" and 43° 75" S

TABLE 2. Mean * SD (range in parentheses) of individuals per haul during two different stages of the fishing
operation (n = 20), for the four most frequent and abundant seabird species attending vessels in the Isla Escondida area,

Argentina, during the 2007-2008 fishing season.

Species Haulback Discarding Wilcoxon test
Kelp Gull 131.5 £ 204.9 (0-750) 263.4 + 384.3 (32-1,700) P < 0.0001
Black-browed Albatross 21.5 = 33.3 (0-120) 32.4 = 47.3 (0-210) P < 0.0001
Imperial Shag 18.8 = 42.2 (0-160) 17.8 = 29.5 (0-100) P =099
White-chinned Petrel 7.1 = 10.2 (0-35) 9.85 = 11.7 (0-55) P =0.10
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FIG. 3.
and February 2006-2007 and 2007-2008.

(Fig. 3). Hauls were generally between 15 and
20 km offshore, although in January 2007 some
hauls were <5 km from the coast (Fig. 3). Coastal
shrimp vessels operated at a mean distance from
Punta Tombo of 43.9 = 10.0 km (range = 7.1-
73.3; n = 1,219), while mean distance to Punta
Clara was 38.0 = 9.5 km (range = 1.5-67.5;n =
1,219). Mean distance between operating vessels
and the Imperial Shag colony at Escondida
Island was 20.4 = 6.5 km (range = 2.8-46.6; n =
1,219). Distances to these colonies decreased
significantly as the breeding season progressed
(Table 3).

At least 100 species were discarded in the 1,219
evaluated hauls, of which 48% were fish (Table 4;
only species with >20% of frequency of occur-
rence are shown). Argentine hake was recorded in
76% of hauls. Hake was totally retained in only
0.7% of hauls, while it was discarded (74.3%) or
partially retained (25.0%) in the rest of the hauls.
Several of the remaining discarded species were
present in the catch in relatively high frequencies,
but were categorized as rare in over 83% of hauls

Spatial distribution of hauls by coastal shrimp trawlers in the Isla Escondida area, Argentina, during January

(Table 4). Thus, the Argentine hake was the main
species discarded. The estimated amount of
discards per haul was significantly higher in the
2007-2008 than in the 2006-2007 fishing seasons
(513.46 = 576.43 kg; range = 0-8,000; n =
1,152 vs. 305.05 = 382.86 kg; range = 0-2,490;
n = 469) (Mann-Whitney U = 285,847.50 P <
0.0001). Total amount discarded by this coastal
trawl fishery was estimated at 3,284 tonnes in
2006-2007 and 6,590 tonnes in 2007-2008.

DISCUSSION

Eight seabird species attended shrimp coastal
trawlers operating in the Isla Escondida fishing
area, although the seabird assemblage was
dominated by the Kelp Gull and Black-browed
albatross. Species composition differed from that
reported in a previous study in the same fishing
area during the mid 1990s, when 16 seabird
species were recorded taking advantage of
discards (Yorio and Caille 1999). The reason for
this difference is not clear, but five of the species
not recorded during the present study (Cape Petrel
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TABLE 3.

Mean distance (= SD; range in parentheses) between seabird colonies and hauls by vessels in the Isla

Escondida area, Argentina, during the 20062007 and 2007-2008 fishing seasons.

Colony Fishing season Dec Jan Feb Kruskal-Wallis test
Punta Tombo 2006-2007 56.0 = 14 479 = 8.6 432 £ 3.1 H = 90.79;
(52.5-57.3) (7.1-71.9) (33.8-58.0) P < 0.0001

2007-2008 50.6 = 8.3 39.8 £ 89 369 = 8.7 H = 244.71;

(31.2-73.3) (11.6-61.6) (8.2-45.8) P < 0.0001

Punta Clara 2006-2007 498 £ 14 413 £ 8.7 374 = 3.1 H = 55.81;
(46.2-51.0) (1.5-65.9) (26.8-52.1) P < 0.0001

2007-2008 444 = 8.1 342 =85 314 =78 H = 244.84;
(25.9-67.5) (10.1-55.9) (6.2-39.5) P < 0.0001

Escondida Island 2006-2007 26.7 = 13.1 182 = 9.1 20 = 3.1 H = 47.17;
(23.4-27.9) (2.8-42.7) (7.7-31) P < 0.0001

2007-2008 233 +63 20.1 = 4.2 18.9 = 45 H = 69.68;
(23.4-27.9) (13.2-34.8) (13.7-46.6) P < 0.0001

[Daption capense], Southern Fulmar [Fulmarus
glacialoides], Manx Shearwater [Puffinus puffi-
nus], Brown-hooded Gull [Chroicocephalus ma-
culipennis], and Brown Skua) were recorded in
only one of the fishing days sampled in the mid
1990s. Yorio and Caille (1999) did not present
information on number of birds attending vessels,
and comparisons of relative abundances between
both studies can not be made.

The Kelp Gull was the only species among the
Patagonian breeders that made extensive use of
discards. Kelp Gulls in the Isla Escondida area
were present at all sampled hauls during both
fishing seasons, reaching 1,700 individuals in
2007. These results agree with previous studies,
where Kelp Gulls were present in >90% of
evaluated hauls and in numbers that often reached
several hundred individuals (Yorio and Caille

TABLE 4. Catch composition in the coastal shrimp fishery in the Isla Escondida area, Argentina, during the 2006-2007
and 2007-2008 fishing seasons (n = 1,219 hauls). Only species with >20% of frequency of occurrence (%F) are shown.

Abundance Fate

Species %F Do* Ab® Co*® Ra‘ TDi¢ TRe' PRe#
Argentine red shrimp (Pleoticus muelleri) 929 689 18.2 7.3 5.6 25 682 292
Argentine hake (Merluccius hubbsi) 76.0 0.6 12 188 794 743 0.7 250
Flatfish (Paralichthyidae) 83.6 0.3 0.3 0.2 99.2  98.7 0.7 0.7
Squid (Loligo spp.) 75.5 0.2 1.1 29 95.8 977 1.2 1.1
Butterfish (Stromateus brasiliensis) 60.4 0.0 0.1 0.0 99.9 100.0 0.0 0.0
Brasilian flathead (Percophis brasiliensis) 59.3 0.0 0.0 7.14 929  99.7 0.0 0.3
Rays (Rajidae) 54.3 0.0 0.0 0.0 100.0 100.0 0.0 0.0
Argentine seabass (Acanthistius brasilianus) 48.7 0.2 0.6 1.5 97.8 94.4 1.9 3.7
Parona leatherjacket (Parona signata) 46.7 3.0 1.5 106 84.8 950 2.1 2.9
Castaneta (Nemadactylus bergi) 46.1 0.4 1.0 151 83.5 100.0 0.0 0.0
Argentine shortfin squid (Illex argentinus) 44.5 0.0 0.2 0.6 99.2 947 1.2 4.1
Elephant fish (Callorhinchus callorhynchus) 355 0.0 0.0 0.3 99.7 94.6 0.5 4.8
Sharks (Triakidae, Squalidae, and Squatinidae) 29.4 0.0 0.0 0.0 100.0 97.1 0.3 2.6
Banded cusk eel (Raneya brasiliensis) 26.5 0.0 0.0 0.0  100.0 100.0 0.0 0.0
Argentinian sandperch (Pseudopercis semifasciata) 25.3 0.0 0.0 1.4 98.6 505 355 14.0
Brazilian sandperch (Pinguipes brasilianus) 23.0 0.0 0.0 0.4 99.6  100.0 0.0 0.0
Argentine anchovy (Engraulis anchoita) 20.0 6.3 0.0 3.1 90.6  100.0 0.0 0.0

* Dominant: >50% of the catch, its presence gives the general appearance to the catch.

Abundant: between 25 and 50% of the catch, its presence is easily detected.

€ Common: between 5 and 25% of the catch, its presence is detected when paying attention and searching through the catch.

4 Rare: <5% of the catch, only a few individuals.

¢ Totally discarded.
f Totally retained.
£ Partially retained.
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1999, Bertellotti and Yorio 2000b, Gonzailez-
Zevallos and Yorio 2006). The regular presence of
Kelp Gulls in this and other fisheries in the region
is the result of its generalist and opportunistic
feeding habits, which are mainly characterized by
coastal feeding and regular use of human-derived
food sources (Bertellotti and Yorio 1999, Yorio
et al. 2005).

Black-browed Albatrosses are also regularly
present at trawl fisheries in the southwest Atlantic
(Thompson 1992, Thompson and Riddy 1995,
Yorio and Caille 1999, Gonzilez-Zevallos and
Yorio 2006, Bugoni et al. 2011, Favero et al.
2011) and in other regions of the Southern
Hemisphere (Abrams 1983, Ryan and Moloney
1988, Petyt 1995). Mean abundance in the Isla
Escondida area was relatively lower than ob-
served at coastal trawlers in Golfo San Matias and
Golfo San Jorge, Patagonia (Yorio and Caille
1999). In contrast, both abundance and frequency
of occurrence of Black-browed Albatross at hake
and shrimp high-sea trawlers operating in Golfo
San Jorge were larger, on occasions reaching
numbers per haul three times greater than
recorded at Isla Escondida (Gonzalez-Zevallos et
al. 2007, Gonzélez-Zevallos et al. 2011). This
may be the result of larger amounts of fishery
waste discarded overboard and/or the greater
distances offshore at which the high-seas trawlers
operate (Gonzdlez-Zevallos et al. 2011).

Only the Kelp Gull and Black-browed Alba-
tross of the most abundant seabird species
attending vessels had significantly higher abun-
dances during discarding activities. Differences
among species may relate to their feeding
behaviors. Kelp Gulls and Black-browed Alba-
trosses obtain food mainly through surface
feeding, while Imperial Shags and White-chinned
Petrels do so by diving (Gonzdlez Zevallos and
Yorio 2006). Thus, diving species start obtaining
prey directly from the net or capturing those that
fall off the net as it reaches the surface during
haulback, while gulls and albatrosses increase in
numbers as a result of their attraction when prey
start to be available during discarding. Birds were
often observed moving among vessels as in other
fisheries in Patagonia (Bertellotti and Yorio
2000b, Gonzalez Zevallos and Yorio 2006).

Argentine hake was the main discard compo-
nent, as it was one of the most frequently caught
species and was totally retained on board in only a
few cases. Previous studies in Patagonia have
shown that Argentine hake is one of the most
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taken species by adult and young Kelp Gulls
feeding on discards (Bertellotti and Yorio 2000b,
Gonzalez-Zevallos and Yorio 2006, Gonzalez-
Zevallos and Yorio 2011). The Argentine hake is
a demersal fish not normally available to seabirds
that surface-feed, such as the Kelp Gull, and it
constitutes an important supplementary food
resource. The use of this food may be advanta-
geous for Kelp Gull breeding success and
survival, as several studies have shown that fish
are important for both egg formation and chick
growth of gulls (Pierotti and Annett 1991, Bolton
et al. 1992) and may favor long-term breeding
performance (Annett and Pierotti 1999).

The fishing season in the Isla Escondida area
coincides with the Kelp Gull’s breeding season at
Punta Tombo and Punta Clara. However, discards
were not uniformly available within the known
foraging range of this species during the breeding
season. Several studies have shown the relative
contribution of supplementary food in gull diets is
related to accessibility of these resources (Oro
1995, Bertellotti and Yorio 1999, Pedrocchi et al.
2003, Duhem et al. 2005, Ramos et al. 2009).
Thus, the extent of discard use and its potential
effect on breeding success in a given locality
would depend on the spatio-temporal pattern of
vessel distribution. Discard availability could be
particularly beneficial for young Kelp Gulls
which, in contrast to breeders, are not spatially
constrained to the nest during foraging activities.
Young Kelp Gulls were recorded in most hauls
during this study. Young individuals are in
general less efficient than adults in obtaining
food (Burger 1987, Hockey and Steele 1990,
Bertellotti and Yorio 2000a). Thus, discard use
may have an important influence on survival,
particularly during February and March when
young gulls start to become independent from
their parents.

Seabird attraction to vessels to make use of
discards may lead to an increase in mortality
resulting from interaction with fishing gear
(Gonzalez-Zevallos and Yorio 2006, Sullivan et
al. 2006, Watkins et al. 2008). Incidental mortality
in nets was associated with diving species such as
Magellanic Penguin and Imperial Shag, most
likely because these species dive to take prey
directly from the net during haulback increasing
their chances of becoming entangled. Studies at
Punta Tombo show that breeding Magellanic
Penguins during December and January forage
in relatively coastal areas at mean distances of
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110 km north of the colony (Boersma and
Rebstock 2009), and may spatially overlap with
vessels operating in the Isla Escondida area.
Similarly, the distance of operating vessels to
the Imperial Shag colony at Escondida Island,
particularly during January 2007, was within the
foraging range recorded for breeding shags at
other locations in Chubut (Yorio et al. 2010; F. R.
Quintana, unpubl. data). The population sizes of
Magellanic Penguins and Imperial Shags in the
study area were estimated at 490,000 and 1,000
individuals, respectively (Yorio et al. 1998b). It is
unlikely that mortality in nets at coastal shrimp
trawlers has a significant impact on their popula-
tions, although adult mortality should not be
underestimated given seabird life-history traits
(Sether and Bakke 2000). No interactions with
cables were recorded at coastal shrimp trawlers in
the Isla Escondida area in contrast to that
observed for hake trawlers at Golfo San Jorge,
where Black-browed Albatrosses and Kelp Gulls
were killed by warp cables (Gonzilez-Zevallos et
al. 2007). This could be the result of differences in
fishing gear dimension and configuration. Outrig-
gers in coastal shrimp trawlers stretch about 3—4 m
off the side of the vessel and cables do not reach
the stern of the vessel where most birds
concentrate to make use of discards.

The coastal shrimp fishery at Isla Escondida
appears to have a small impact on seabirds in
terms of incidental mortality but provides signif-
icant amounts of supplementary food. This
resource is more relevant as discard provision
overlaps with the Kelp Gull’s breeding season,
although actual use by breeders may depend on
the spatial and temporal distribution of hauls. The
fishery in the Isla Escondida area can also target
Argentine hake, and changes in both net and mesh
sizes, and in the characteristics of the fishing
operation may result in differences in composition
and amounts of discards. These variables can
affect the composition and abundance of seabirds
attending vessels, the way and effectiveness at
which each species uses available dicards, and
their probability of being killed in fishing gear
(Arcos and Oro 2002, Furness et al. 2007, Favero
et al. 2011). Fishing for Argentine red shrimp and
Argentine hake may often coincide in time and
space. Thus, the effects of coastal hake trawlers
on seabirds should be assessed in conjunction with
those of shrimp trawlers to obtain a more
integrated view of the interaction between the
Isla Escondida fishery and seabird populations.

717

ACKNOWLEDGMENTS

We thank Centro Nacional Patagénico (CONICET) for
institutional support, Secretaria de Pesca de la Provincia de
Chubut for logistical support and for providing data from
the On-board Observer Program, and the Wildlife Conser-
vation Society for financial support. We especially thank
M. E. Géngora, D. R. Gonzélez-Zevallos, N. D. Bovcon, P.
O. Dell’Arciprete, J. R. C. Saravia, and the captains and
crews of the coastal shrimp trawlers for their help and
advice.

LITERATURE CITED

ABRAMS, R. W. 1983. Pelagic seabirds and trawl-fisheries
in the southern Benguela Current region. Marine
Ecology Progress Series 11:151-156.

ALBARNAZ, J. D., J. Toso, A. A. CORREA, C. M. O. SIMOES,
AND C. R. M. BARARDI. 2007. Relationship between
the contamination of gulls (Larus dominicanus) and
oysters (Crassostrea gigas) with Salmonella serovar
Typhimurium by PCR-RFLP. International Journal of
Environmental Health Research 17:133-140.

ALVERSON, D. L., M. H. FREEBERG, S. A. MURAWSKI, AND
J. G. POPE. 1994. A global assessment of fisheries
bycatch and discards. FAO Fisheries Technical Paper
339:1-233.

ANNETT, C. A. AND R. PIEROTTI. 1999. Long-term
reproductive output in Western Gulls: consequences
of alternate tactics in diet choice. Ecology 80:288-297.

ARCOS, J. M. AND D. Oro. 2002. Significance of fisheries
discards for a threatened Mediterranean seabird, the
Balearic Shearwater Puffinus mauretanicus. Marine
Ecology Progress Series 239:209-220.

BERTELLOTTI, M. AND P. YORIO. 1999. Spatial and temporal
patterns in the diet of the Kelp Gull in northern
Chubut, Patagonia. Condor 101:790-798.

BERTELLOTTI, M. AND P. YORrIO. 2000a. Age-related
feeding behaviour and foraging efficiency in Kelp
Gulls Larus dominicanus attending coastal trawlers in
Argentina. Ardea 88:207-214.

BERTELLOTTI, M. AND P. YORIO. 2000b. Utilisation of
fishery waste by Kelp Gulls attending coastal trawl
and longline vessels in northern Patagonia, Argentina.
Ornis Fennica 77:105-15.

BLABER, S. J. M. AND T. J. WASSENBERG. 1989. Feeding
ecology of the piscivorous birds Phalacrocorax varius,
P. melanoleucos and Sterna bergii in Moreton Bay,
Australia: diets and dependence on trawler discards.
Marine Biology 101:1-10.

Bo, N. A., C. A. DARRIEU, AND A. R. CAMPERI. 1995. Aves
Charadriiformes: Laridae y Rynchopidae. Fauna de
Agua Dulce de la Republica Argentina 43(4c):1-47.
PROFADU (CONICET), La Plata, Argetnina.

BOERSMA, P. D. AND G. A. REBSTOCK. 2009. Foraging
distance affects reproductive success in Magellanic
Penguins. Marine Ecology Progress Series 375:263—
275.

BOERSMA, P. D., D. L. STOKES, AND P. M. YORIO. 1990.
Reproductive variability and historical change of
Magellanic Penguins (Spheniscus magellanicus) at
Punta Tombo, Argentina. Pages 15-43 in Penguin



718

biology (L. S. Davis and J. T. Darby, Editors).
Academic Press, San Diego, California, USA.

BoLTON, M., D. HOUSTON, AND P. MONAGHAN. 1992.
Nutritional constraints on egg formation in the Lesser
Black-backed Gull: an experimental study. Journal of
Animal Ecology 61:521-532.

BRANCO, J. O. 2001. Descarte da pesca do camario sete-
barbas como fonte de alimento para aves marinhas.
Revista Brasileira de Zoologia 18:293-300.

BuUGONI, L., K. GRIFFITHS, AND R. W. FURNESS. 2011. Sex-
biased incidental mortality of albatrosses and petrels in
longline fisheries: differential distributions at sea or
differential access to baits mediated by sexual size
dimorphism? Journal of Ornithology 152:261-268.

BURGER, J. 1987. Foraging efficiency in gulls: a congeneric
comparison of age differences in efficiency and age of
maturity. Studies in Avian Biology 10:83-90.

CAMPHUYSEN, C. J. 1994. Scavenging seabirds at beam
trawlers in the southern North Sea: distribution,
relative abundance, behaviour, prey selection, feeding
efficiency, kleptoparasitism, and the possible effects of
the establishment of ‘‘protected areas’’. BEON-
Report 1994-14. Netherlands Institute for Sea Re-
search, Texel, Netherlands.

CAMPHUYSEN, C. J. AND S. GARTHE. 2000. Seabirds and
commercial fisheries: population trends of piscivorous
seabirds explained? Pages 163—184 in The effects of
fishing on non-target species and habitats: biological,
conservation and socio-economic issues (M. J. Kaiser
and S. J. Groot, Editors). Fishing News Books,
Blackwell Science, Oxford, United Kingdom.

DuFrFY, D. C. AND D. C. SCHNEIDER. 1994. Seabird-fishery
interactions: a manager’s guide. Pages 26-38 in
Seabirds on islands: threats, case studies and action
plans (D. N. Nettleship, J. Burger, and M. Gochfeld,
Editors). Birdlife Conservation Series 1. Birdlife
International, Cambridge, United Kingdom.

DuHEM, C., E. VIDAL, P. ROCHE, AND J. LEGRAND. 2005.
How is the diet of Yellow-legged Gull chicks
influenced by parents’ accessibility to landfills?
Waterbirds 28:46-52.

EARTH SYSTEMS RESEARCH INSTITUTE (ESRI). 1998. Arc-
View, Version 3.2. Earth Systems Research Institute
Inc., Redlands, California, USA.

FAVERO, M., G. BLANCO, G. GARCIA, S. COPELLO, J. P.
SECO PoON, E. FRERE, F. QUINTANA, P. YORIO, F.
RABUFFETTI, G. CANETE, AND P. GANDINI. 2011.
Seabird mortality associated with ice trawlers in the
Patagonian Shelf: effects of discards on the occurrence
of interactions with fishing gear. Animal Conservation
14:131-1309.

FRERE, E., P. GANDINI, AND R. MARTINEZ PECK. 2000.
Gaviota cocinera (Larus dominicanus) como vector
potencial de patégenos en la costa Patagénica. El
Hornero 15:93-97.

FURNESS, R. W. 2003 Impacts of fisheries on seabird
communities. Scientia Marina 67 (Supplement 2):33—
45.

FURNESS, R. W., A. V. HUDSON, AND K. ENSOR. 1988.
Interactions between scavenging seabirds and com-
mercial fisheries around the British Isles. Pages 240—

THE WILSON JOURNAL OF ORNITHOLOGY - Vol 123, No. 4, December 2011

268 in Seabirds and other marine vertebrates:
competition, predation and other interactions (J.
Burger, Editor). Columbia University Press, New
York, USA.

FurnEss, R. W., A. E. EDWARDS, AND D. Oro. 2007.
Influence of management practices and of availability
of fisheries discards to benthic scavengers. Marine
Ecology Progress Series 350:235-244.

GARTHE, S. AND O. HUppPOP. 1994. Distribution of ship-
following seabirds and their utilization of discards in
the North Sea in summer. Marine Ecology Progress
Series 106:1-9.

GARTHE, S. AND B. ScHERP. 2003. Utilization of discards
and offal from commercial fisheries by seabirds in the
Baltic Sea. ICES Journal of Marine Science 60:980-989.

GARTHE, S., C. J. CAMPHUYSEN, AND R. FURNESS. 1996.
Amounts of discards by commercial fisheries and their
significance as food for seabirds in the North Sea.
Marine Ecology Progress Series 136:1-11.

GONZALEZ-ZEVALLOS, D. AND P. YORIO. 2006. Seabird use
of discards and incidental captures at the Argentine
hake trawl fishery in the Golfo San Jorge, Argentina.
Marine Ecology Progress Series 316:175-83.

GONZALEZ-ZEVALLOS, D. AND P. YORIO. 2011. Consump-
tion of discards and interactions between Black-
browed Albatrosses (Thalassarche melanophrys) and
Kelp Gulls (Larus dominicanus) at trawl fisheries in
Golfo San Jorge, Argentina. Journal of Ornithology
doi: 10.1007/s10336-011-0657-6.

GONZALEZ-ZEVALLOS, D., P. YORIO, AND G. CAILLE. 2007.
Seabird mortality at trawler warp cables and a
proposed mitigation measure: a case study in Golfo
San Jorge, Patagonia, Argentina. Biological Conser-
vation 136:108-116.

GONZALEZ-ZEVALLOS, D., P. YORIO, AND W. S. SVAGELIJ.
2011. Seabird attendance and incidental mortality at
shrimp fisheries in Golfo San Jorge, Argentina. Marine
Ecology Progress Series 432:125-135.

GREMILLET, D., L. PICHEGRU, G. KUNTZ, A. G. WOAKES, S.
WILKINSON, R. J. M. CRAWFORD, AND P. G. RYAN.
2008. A junk-food hypothesis for Cape Gannets
feeding on fishery waste. Proceedings of the Royal
Society of London, Series B 275:1149-1156.

HOCKEY, P. A. R. AND W. K. STEELE. 1990. Intraspecific
kleptoparasitism and foraging efficiency as constraints
on food selection by Kelp Gulls Larus dominicanus.
Pages 679-706 in Behavioural mechanisms of food
selection (R. N. Hughes, Editor). Springer-Verlag,
Berlin, Germany.

HuDSON, A. V. AND R. W. FURNESS. 1989. The behaviour
of seabirds foraging at fishing boats around Shetland.
Ibis 131:225-237.

Huppop, O. AND S. WURM. 2000. Effects of winter fishery
activities on resting numbers, food, and body condition
of large gulls Larus argentatus and L. marinus in the
south-eastern North Sea. Marine Ecology Progress
Series 194:241-247.

MaLacaLza, V. E. 1984. Biologia reproductiva de
Phalacrocorax albiventer. 1. Nidificacién en Punta
Tombo. Consejo Nacional Investigaciones Cientificas
y Técnicas, Contribucion 98:1-13.



Marinao and Yorio « SEABIRD MORTALITY AND FISHERY DISCARDS

MONTEVECCHI, W. A. 2002. Interactions between fisheries
and seabirds. Pages 527-557 in Biology of marine
birds (E. A. Schreiber and J. Burger, Editors). CRC
Press, Washington, D.C., USA.

OrO, D. 1995. The influence of commercial fisheries in
daily activity of Audouin’s Gull Larus audouinii in the
Ebro Delta, NE Spain. Ornis Fennica 72:154-158.

ORO, D. 1999. Trawler discards: a threat or a resource for
opportunistic seabirds? Proceedings of the Internation-
al Ornithological Congress 22:717-730.

ORO, D. AND X. RuUIZ. 1997. Breeding seabirds and trawlers
in the northwestern Mediterranean: differences be-
tween the Ebro Delta and the Balearic Islands areas.
Journal of Marine Science 54:695-707.

PAULY, D., R. WATSON, AND J. ALDER. 2005. Global trends
in world fisheries: impacts on marine ecosystems and
food security. Philosophical Transactions of the Royal
Society of London, Series B 360:5-12.

PEDROCCHI, V., D. ORrRO, J. GONZALEZ-SOLIS, X. RUiZ, AND
L. JoveRr. 2003. Differences in diet between the two
largest breeding colonies of Audouin’s Gulls: the
effects of fishery activities. Scientia Marina 66:313—
320.

PETYT, C. 1995. Behaviour of seabirds around fishing
trawlers in New Zealand subantarctic waters. Notornis
42:99-115.

PIEROTTI, R. AND C. A. ANNETT. 1991. Diet choice in the
Herring Gull: constraints imposed by reproductive and
ecological factors. Ecology 72:319-328.

Ramos, R., F. RAMIREZ, C. SANTERA, L. JOVER, AND X.
Ruiz. 2009. Diet of Yellow-legged Gull (Larus
michahellis) chicks along the Spanish western Medi-
terranean coast: the relevance of refuse dumps. Journal
of Ornithology 150:265-272.

RYAN, P. G. AND C. L. MOLONEY. 1988. Effect of trawling
on bird and seal distributions in the southern Benguela
Region. Marine Ecology Progress Series 45:1-11.

SAETHER, B. E. AND O. BAKKE. 2000. Avian life history
variation and contribution of demographic traits to the
population growth rate. Ecology 81:642—653.

SULLIVAN, B. J., T. A. REID, AND L. BUGONI. 2006. Seabird
mortality on factory trawlers in the Falkland Islands
and beyond. Biological Conservation 131:495-504.

TASKER, M., C. J. CAMPHUYSEN, J. COOPER, S. GARTHE,
W. A. MONTEVECCHI, AND S. J. M. BLABER. 2000. The
impacts of fishing on marine birds. ICES Journal of
Marine Science 57:531-547.

THOMPSON, K. R. 1992. Quantitative analysis of the use of
discards from squid trawlers by Black-browed Alba-
trosses Diomedea melanophris in the vicinity of the
Falkland Islands. Ibis 134:11-21.

THOMPSON, K. R. AND M. D. RIDDY. 1995. Utilization of

719

offal and discards from ‘‘finfish’’ trawlers around the
Falkland Islands by Black-browed Albatross Diome-
dea melanophris. Ibis 137:198-206.

THOMPSON, P. M. 2006. Identifying drivers of change: did
fisheries play a role in the spread of North Atlantic
Fulmars? Pages 143-156 in Top predators in marine
ecosystems (I. L. Boyd, S. Wanless, and C. J.
Camphuysen, Editors). Cambridge University Press,
Cambridge, United Kingdom.

WATKINS, B. P., S. L. PETERSEN, AND P. G. Ryan. 2008.
Interactions between seabirds and deep water hake-
trawl gear: an assessment of impacts in South African
waters. Animal Conservation 11:247-254.

WEIMERSKIRCH, H., D. CAPDEVILLE, AND G. DUHAMEL.
2000. Factors affecting the number and mortality of
seabirds attending trawlers and long-liners in the
Kerguelen area. Polar Biology 23:236-249.

WICKLIFFE, L. C. AND P. G. R. JopICE. 2010. Seabird
attendance at shrimp trawlers in nearshore waters of
South Carolina. Marine Ornithology 38:31-39

YORIO, P. AND G. CAILLE. 1999. Seabird interactions with
coastal fisheries in northern Patagonia: use of discards
and incidental captures in nets. Waterbirds 22:207—
216.

YORIO, P., M. BERTELLOTTI, AND P. GARCIA BORBOROGLU.
2005. Estado poblacional y de conservacién de
gaviotas que reproducen en el litoral Argentino. El
Hornero 20:53-74.

YORIO, P., M. BERTELLOTTI, P. GANDINI, AND E. FRERE.
1998a. Kelp Gulls (Larus dominicanus) breeding on
the Argentine coast: population status and relationship
with coastal management and conservation. Marine
Ornithology 26:11-18.

Yorio, P., F. QUINTANA, P. DELL’ARCIPRETE, AND D.
GONZALEZ-ZEVALLOS. 2010. Spatial overlap between
foraging seabirds and trawl fisheries: implications for
the effectiveness of a marine protected area at Golfo
San Jorge, Argentina. Bird Conservation International
20:320-334.

YORIO, P., M. BERTELLOTTI, P. GARCIA BORBOROGLU, A.
CARRIBERO, M. GIACCARDI, M. E. LIZURUME, D.
BOERSMA, AND F. QUINTANA. 1998b. Distribucion
reproductiva y abundancia de las aves marinas de
Chubut. Part I de Peninsula Valdés a Islas Blancas.
Pages 39-73 in Atlas de la distribucién reproductiva
de aves marinas en el litoral Patagénico Argentino (P.
Yorio, E. Frere, P. Gandini, and G. Harris, Editors).
Plan de Manejo Integrado de la Zona Costera
Patagodnica, Fundacion Patagonia Natural and Wildlife
Conservation Society. Instituto Salesiano de Artes
Grificas, Buenos Aires, Argentina.



