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Abstract The study of how and why marine animals dis-
tribute themselves at sea has important conservation and
management implications of the species and their habitats.
We characterize the oceanographic and biological land-
scapes of the marine areas used by breeding Southern Giant
Petrels (Macronectes giganteus) at Patagonian colonies
and explore inter-sexual and inter-colony differences. The
at-sea movements of 16 adults (7 males and 9 females)
were studied by means of satellite telemetry techniques
during 1999, 2000, 2002, and 2004 breeding seasons.
Southern Giant Petrels utilized an oceanographic scenario
characterized by high productivity, warm sea surface tem-
perature, and shallow waters. The biological landscape was
characterized by a high availability of squid and carrion
nearby colonies. Females spent more time in the shelf break
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and exploited deeper waters than males. In contrast, males
spent more time in coastal areas and they showed a higher
spatial overlap with areas of high squid density than
females. Such a prosperous foraging scenario for both sexes
may play a key role in the growth of the breeding popula-
tion of Southern Giant Petrel Patagonian colonies.

Introduction

The study of how and why animals distribute themselves
in space has important conservation and management
implications of the species and their habitats. When little
is known about the ecology of a species, models can be
used to explore empirical associations between animal
distributions and the physical and biological features of
the area (see Redfern et al. 2006 for a marine example).
Overlaying seabird distributions on maps of physical
oceanographic variables, such as bathymetry (Yen et al.
2004), sea surface temperature, or chlorophyll concentra-
tion (Hyrenbach etal. 2002; Awkerman etal. 2005;
Phillips et al. 2006), provide valuable information on
factors potentially contributing to the spatio-temporal
variability of wide-ranging species. Consequently, under-
standing the spatial pattern and distribution boundaries of
the species is also useful for predicting potential conflicts
with human activities (Nel et al. 2002; Cuthbert et al.
2005; Terauds et al. 2006).

The Southern Giant Petrel (SGP, Macronectes gigan-
teus) is a wide-ranging procellariform with a circumpolar
breeding distribution (Carboneras 1992) and is considered
one of the dominant scavengers of the Southern Atlantic
Ocean (Hunter 1983; Hunter and Brooke 1992). The spe-
cies was considered ‘Near Threatened’ under IUCN crite-
rion until 2008 and was recently uploaded to ‘Least
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Table 1 Summary of satellite telemetry data obtained from instrumented Southern Giant Petrels from Patagonian colonies during the breeding

period (Adapted from Quintana et al. 2010)

Individual Sex Colony Start tracking End tracking Total days Hours
recorded of tracking
Northern colonies
5,609 M Gran Robredo 09/01/1999 31/01/1999 22 528
5,819 F Gran Robredo 09/01/1999 22/02/1999 43 1,054
25,135 F Gran Robredo 26/11/1999 23/01/2000 57 1,393
25,138 M Gran Robredo 27/11/1999 20/01/2000 53 1,299
10,100 M Arce 03/01/2002 22/02/2002 49 1,197
10,101 F Arce 04/01/2002 24/02/2002 50 1,247
10,102 M Arce 03/01/2002 28/02/2002 55 1,258
10,103 M Arce 04/01/2002 06/01/2002 2 58
10,104 M Arce 06/01/2002 16/01/2002 10 250
Southern colony
44,281 M Observatorio 06/01/2004 10/03/2004 64 1,386
44,282 F Observatorio 06/01/2004 11/01/2004 5 124
39,792 F Observatorio 06/01/2004 12/01/2004 6 137
39,791 F Observatorio 06/01/2004 09/01/2004 3 69
39,793 F Observatorio 09/01/2004 08/03/2004 59 1,399
39,794 F Observatorio 12/01/2004 02/03/2004 50 1,197
44,283 F Observatorio 12/01/2004 04/02/2004 22 546
Concern’ (BirdLife International 2009), reflecting a greater =~ Methods

understanding of the species and its global population. It is
also listed on Appendix II of the Convention on the Conser-
vation of Migratory Species of Wild Animals
(www.cms.int) and is included on Annex 1 of the recent
Agreement on the Conservation of Albatrosses and Petrels
(ACAP, www.acap.aq). In Patagonia, Argentina, the SGP
breeds at four colonies (with the exception of Malvinas/
Falklands colonies), two of which are localized in Chubut
Province (Isla Arce 45°00’'S, 65°29'W; Isla Gran Robredo
45°8'S, 65°4'W) and the other two in Tierra del Fuego
(Staten Island) (Isla Observatorio 54°39'S, 64°8'W, and
Peninsula Lépez 54°54'S, 64°39'W) (Quintana et al. 2005;
2006). Located in the large marine ecosystem of the Pata-
gonian Shelf, the Argentinean colonies are surrounded by
temperate waters and neritic systems. In contrast, most of
the remaining SGP colonies worldwide are situated in the
cold Antarctic and Subantarctic waters (Patterson et al.
2008).

In a previous study, Quintana et al. (2010) found differ-
ences in the SGP foraging behavior and habitat use between
sexes and colonies. Consequently, we expected that in the
oceanographic and biological landscapes SGPs would show
also sexual and colonial segregation. The objective of this
study was to characterize the oceanographic and biological
features of the marine areas foraged in by breeding SGPs at
Patagonian colonies and explore inter-sexual and inter-col-
ony differences.

@ Springer

The at-sea movements of breeding SGP during the chick-
rearing period were studied by means of satellite telemetry
techniques (see Quintana et al. 2010 for more details about
foraging behavior). A total of 9 adults (6 males and 3
females) from Isla Arce and Isla Gran Robredo (northern
colonies) and 7 adults (1 male and 6 females) from Isla
Observatorio (southern colony) were fitted with satellite
transmitters (PTTs-100, “Platform Terminal Transmitters”,
Microwave Telemetry) during four breeding seasons 1999,
2000, 2002, and 2004 (Table 1). Birds were capture from
the nest using a 2-m stick with a metal hook. Satellite trans-
mitters weighted between 45 and 90 grs representing less
than 3.6% of the animal’s body weight. Instrumented birds
were sexed by morphometric measurements and by blood
samples (see Copello et al. 2006). Individual positions were
recorded by the ARGOS system filtered and then re-sam-
pled every hour following the iterative procedure used by
the “Global Procellariiform Tracking Database” (BirdLife
International 2004). A Kernel analysis (“fixed kernel
method”, Worton 1989) was employed to analyze the habi-
tat use and the amount of time spent at different marine
areas. We used the “Animal Movement Program” package
of ArcView 3.0 to determine the areas where animals spent
95, 75, and 50% of their foraging time.

The oceanographic habitat of the SGP in the Patagonian
Shelf was defined using: oceanographic regimes; sea sur-
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face temperature (hereafter SST); chlorophyll-a concentra-
tion; and the bathymetry of the area. Oceanographic
regimes were characterized using the salinity isohalines fol-
lowing Piola (2003) and tidal fronts according to Rivas
et al. (2006). Nine oceanographic regimes were considered:
(1) Patos, (2) Plata, (3) Subtropical, (4) Mix, (5) Subpolar,
(6) Shelf Break, (7) Open Shelf, (8) Magellan, and (9) Tidal
fronts. SST and chlorophyll satellite images were obtained
from PO DAAC Physical Oceanography DACC http:/
poet.jpl.nasa.gov using AVHRR Pathfinder Version 5 satel-
lite and the Distributed Active Archive Center DAAC in
the Goddard Space Flight Center by means of the SeaWiFS
satellite. For both variables, SST and chlorophyll, average
monthly images with a spatial resolution of 4 km were
used. These images corresponded to January 1999, 2000,
and 2002 (northern colonies) and January 2004 (southern
colony). In all cases, satellite images temporally match with
the period when the birds were tracked. The bathymetry
was obtained from the GEBCO database with a spatial res-
olution of 2 km. We calculated the percentage of time that
birds spent in the oceanographic regimes and areas with
particular SST, chlorophyll concentration, and depth, by
using the “Grid Analyst” and “Spatial Analysis” extension
in the ArcView 3.2 ESRI. We divided the Patagonian Shelf
and surrounding areas in five bathymetric domains:
<100 m, between 100 and 200, between 200 and 1,000 and
>1,000 m. Four productivity regimes were considered
based on remotely sensed chlorophyll standing stocks: oli-
gotrophic (<0.1 mg m~—3), mesothropic (0.1-0.3), eutrophic
(0.3-1), and enriched (>1 mg m™3) (Hyrenbach et al. 2002;
Louzao et al. 2006). Six temperature ranges were defined
for describing the SST areas: 1-4, 4-8, 8-12, 12-15, 15—
19, and 19-23°C. A Mann—Whitney test was used to deter-
mine differences in each oceanographic habitat between
sexes and colonies.

The biological landscape was defined considering the
distribution and abundance of the main prey items reported
by the SGP from the northern colonies. Known prey spe-
cies included: the squid (/llex argentinus), the Magellanic
Penguin (Spheniscus magellanicus), and the Southern Sea
Lion (Otaria flavescens) (Copello et al. 2008). The distri-
bution and abundance of squid stocks, penguin colonies,
and of sea lion rookeries along the Patagonian coast were
considered as indicators of prey and carrion availability.
Distribution maps of squid stocks were created using
records from stocks assessment studies by the Instituto
Nacional de Investigacién y Desarrollo Pesquero (INIDEP)
(Brunetti et al. 1998). Similar to the SGP habitat use analy-
sis, a non-parametric density function (kernel analysis) was
used to determine areas with different levels of abundance
of penguin and sea lion carrion. Then, we overlay the gener-
ated maps (SGP kernel maps and kernel maps of the main prey
items) to analyze their overlap. To determine the utilization

of coastal areas, we calculated the time that birds spent in
an area distant by 3 km from the coastal line to the sea and
by 3 km from the coastal line to the land.

Results
Oceanographic landscape
Oceanographic regimes

During the late incubation and chick-rearing period
(November—March), SGPs used marine areas included in
five of the nine oceanographic regimes of the Southwest
Atlantic Ocean (see “methods”): the Open shelf, the Magel-
lan area, the Shelf break, the Subpolar regime, and Tidal
fronts (Figs. 1 and 2). The Open shelf regime was used dur-
ing more than 40% of the time at sea. In less than 10% of
the time at sea, breeding SGPs used the regimes of the
Shelf break and Magellan (except for the male from the
southern colony which remained mainly in the Magellan
regime) and during less than 5% of the time at sea the birds
used several Tidal fronts and the Subpolar regime (Figs. 1, 2).

Data from the northern colonies showed that females
remained more time in the Shelf break than males (10.0 vs.
0.7%, U =1, P <0.05), whereas the other regimes were
used in a similar way for both sexes (83.2 vs. 86.4%, 11.3
vs. 0.7%, 0 vs. 0.2%, 4.8 vs. 2.6%, for the Open shelf, the
Magellan area, the Subpolar regime, and the Tidal fronts,
respectively, U > 2, P > 0.05). The females from the south-
ern colony also remained for longer at the Shelf break than
the only tracked male (10.4 vs. 0.5%), who stayed most of
the time at sea in the Magellan regime (56.2 vs. 3.1%). The
Tidal fronts were mainly used for the northern colonies
birds (4.1 vs. 0.03%, U =0, P < 0.01) (Figs. 1, 2).

Bathymetry

The at-sea tracking data from SGPs revealed foraging
throughout a vast range of depths, from shallow waters
(<100 m, 62.5-89.7%) to the deep waters (>1,000 m, 0.01—
1.7%). However, 60% of the time birds utilized waters less
than 100 m deep (Figs. 1, 3).

There was no difference between female and male SGP in
the range of water depths lesser than 200 m (northern colo-
nies: U_ g0 =3 and U y_p00 =95, P>0.1; Fig. 3). A similar
pattern was observed for southern females and the only male
instrumented at Isla Observatorio (Fig. 3). However, in both
nesting sites, waters deeper than 200 m (200-1,000 m) were
used mainly by females (5.2 vs. 0.2% of time at sea, for
females and males from the northern colonies, U =1,
P <0.05, and 21.8 versus 0.4% for females and male from
the southern colony, Fig. 1). There were no inter-colony
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Fig. 1 Proportion of time satellite tracked Southern Giant Petrels spent in different oceanographic landscapes (oceanographic regimes, bathyme-
try, sea surface temperature, and chlorophyll concentration) during the breeding period

differences in the depth of the marine areas used (<100 m
62.5 vs. 72.1%, 100/200 m 14.0 vs. 22.5%, 200/1,000 m 21.8
vs. 5.2%, and >1,000 m 1.7 vs. 0.2% for southern females
and northern females, respectively; U > 3, P > 0.1).

Sea surface temperature
SGPs from both nesting sites used marine areas with sur-
face temperatures between 4 and 23°C, but they remained

most of the time at sea in waters between 8 and 19°C
(Figs. 1, 4). Males and females spent similar times in each

@ Springer

temperature range (U >6, P> 0.1 for northern colonies)
(Fig. 1). The SST of the marine areas exploited by SGPs
from northern colonies was warmer than those used from
birds from Isla Observatorio and there was no overlap in
the temperature ranges (Fig. 1).

Chlorophyll concentration
During the study period, SGPs ranged over areas of different

productivity levels, from mesotrophic to enriched waters,
with no excursions into low productivity waters (oligo-
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Fig. 2 At-seadistribution of the
Southern Giant Petrel from

northern and southern colonies 158
(see text) in relation to oceano-

graphic regimes (stars in the left

panel: location of the study colo-

nies) 408

NcelJ

Gran |

Robredo \
s "

G5W

Fig. 3 At-seadistribution of the 408
Southern Giant Petrel in relation % _
to bathymetry (m) O

trophic) (Figs. 1, 5). The birds spent most of their time at sea
(~90%) in eutrophic and enriched waters. At the northern
colonies, both sexes spent similar percentage of time in
mesotrophic, eutrophic, and enriched waters (U > 2,
P >0.05). In the southern colony, the only studied male
extended over enriched waters longer time than females (29
vs. 6%). SGPs from the northern colonies spent more than
50% of their time at sea in areas of high productivity
(enriched) (U =0, P < 0.01), while southern birds spent most
of their time (80%) in waters of lower productivity (eutrophic
and mesotrophic) (U = 10, P < 0.05) (Fig. 1).

Biological landscape
Squid

The at-sea distribution of males and females SGP from the
northern colonies showed a high spatio-temporal overlap

@ Northern females
© Southern females

®Northern females
. o Southern females

O Northern males
@ Southern male

408

orthern males
uthern male

with the distribution range of the squid at the Patagonian
Shelf. There was also a clear spatial convergence with areas
of high squid abundance located between 43 and 51°S
(Fig. 6). Those assemblages corresponded to the ‘summer
spawning stock’ (SDV) and the ‘south-patagonic stock’
(SSP) (Fig. 6, Brunetti et al. 1998). While males from the
northern colonies mainly exploited areas of high squid
abundance, females from the same nesting site used both
low and high abundance areas (Fig. 6). On the contrary,
SGPs from Isla Observatorio showed almost no spatio-tem-
poral overlap with the squid distribution; females partially
ranged over areas of low squid abundances, while the male
SGPs did not overlap with the squid distribution (Fig. 6).

Sea lion and penguin carrion

We identified 104 Southern Sea Lion rookeries (Reyes
et al. 1999; Schiavini et al. 1999; Dans et al. 2004) and 66
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Fig. 4 At-seadistribution of the : b B = 3m
Southern Giant Petrel in the a =z IS g Norihern females =z = @ Northem females | |
years 1999 (a), 2000 (b), 2002 @ P 2 O Northern males B ' @ O Northern males
(¢), and 2004 (d) in relation to
the sea surface temperature (°C)
in the same seasons. Light gray \
areas: no temperature data 458 X 458
. ...
-1
508 508
] ‘ 8
15
23
I 30
% } \f @ Northemn females % : g’ O Southern females
© “® | O Northern males | o @ | @ Southern male
458 458
508 508

colonies of the Magellanic Penguin and the Rockhopper
Penguin (Eudyptes chrysocome) (Schiavini et al. 2005)
along the Patagonian coast of Argentina. The greatest den-
sity of sea lions was located at the North of San Jorge Gulf
between 44.7° and 45.5°S, and Valdes Peninsula between
42° and 43°S (Fig. 7). Furthermore, the greatest densities of
penguins were located also at the North of San Jorge Gulf,
between 44.9° and 45.2°S, at the surroundings of Punta
Tombo area between 44.9° and 45.2°S, and at the West of
Staten Island between 54.5° and 55.1°S (Fig. 7).

Females and males from the northern SGP colonies
showed a clear spatio-temporal association with areas of
high densities of penguin and sea lions. They spent half of
their time in areas with high density of potential carrion that
was located in the North of San Jorge Gulf in the vicinity of
the two northern nesting sites (Isla Arce and Gran Robredo)
(Fig. 7). Punta Tombo and its adjacent areas were used

@ Springer

mainly by males (kernel 50%), but not by females (Fig. 7).
Birds from Isla Observatorio also showed a spatio-temporal
overlap with areas containing high density of penguin but
low sea lion concentrations (Fig. 7). In this case, southern
female SGPs spent 50% of the total time in areas of high
density of penguins in the vicinity of the colony (Fig. 7),
while the only male tracked at Isla Observatorio, explored
more distant coastal areas with (Magallanes Strait) almost
no penguins availability and low sea lion density (Fig. 7).
There was a clear overlap between the distributions of male
SGPs with areas of high carrion availability than from
females in both nesting sites (mainly for the northern colo-
nies). Males from the northern colonies spent more time
than females in coastal areas (25.3 & 28.1 vs. 2.4 £ 0.3%,
U=0, P<0.05). A similar pattern was observed for birds
from the southern colony (30.9% vs. 7.3 +2.7% for the
male and females, respectively).
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Fig. 5 At-seadistribution of the
Southern Giant Petrel during
1999 (a), 2000 (b), 2002 (c), and
2004 (d) in relation to the chlo-
rophyll concentration (mg m™>)
in the same seasons. Black
areas: no chlorophyll data

Fig. 6 Squid distribution (/llex
argentinus) during the summer
period. (Adapted from Brunetti
et al. 1998) and habitat use
(kernel, see text) of females
(left) and males (right) from the
northern and southern colonies

@ Northern females
O Northern males

@ Northern females
O Northern males

@ Northern females
O Northern males

O Southern females
@ Southern male
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Fig. 7 Carrion distribution in

the Patagonian coast and habitat
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Discussion

We characterized the oceanographic and biological land-
scapes used by the SGP from Patagonian colonies during
the breeding period. In general terms, our results
announced the usage of an oceanographic scenario charac-
terized by high productivity (eutrophic and enriched
waters), warm SST (between 8 and 19°C), and shallow
waters (neritics waters). SGPs from Isla Observatorio
(southern colony) exploited marine areas of lower produc-
tivity and the sea surface temperature was cooler than birds
from northern colonies. The higher proportion of time spent
in eutrophic and enriched waters by giant petrels from the
northern colonies could be linked to the presence of ocean-
ographic fronts of high productivity nearby to the colonies,
such as Valdes Peninsula, San Jorge Gulf, and coastal areas
in the South of Argentina (Acha et al. 2004; Rivas et al.
2006). The Patagonian Shelf is extensively used as foraging
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area for a large number and biomass of top predators who
play key and varied roles in the marine ecosystem (Favero
and Silva Rodriguez 2005; Falabella et al. 2009). Alba-
trosses, petrels, penguins, sea lions, and elephant seals are
indicators of important coastal and pelagic marine areas,
also highly significant for other marine animals. Its distri-
bution is not uniform over the Patagonian Shelf with higher
densities in those areas where the oceanographic character-
istics promote prey concentration. Five satellite tracked
species of albatrosses and petrels used marine pelagic areas
of similar oceanographic characteristics as those used by
the SGPs from Patagonian colonies such as the slope and
the shelf-slope area at the latitude of the San Jorge Gulf
(Arata et al. 2009; Quintana etal. 2009). Even tracked
SGPs from South Georgia colonies used the Patagonian
Shelf during their breeding and non-breeding season
(Gonzaléz-Solis et al. 2008). None of those pelagic areas
are under a regime of special management for the conservation
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of biodiversity. However, to generate realistic habitat use
maps for the SGP at the Patagonian Shelf, there is a
urgency to track SGPs from Falkland Islands taking into
account that the 40% of the global SGP population is
located in these colonies (Patterson et al. 2008; Reid and
Huin 2008) and there would be a potential overlap with the
at-sea distribution of SGPs from Patagonia and South Geor-
gia colonies.

In relation to the biological landscape, there was a high
availability of food nearby colonies; which included an
abundance of squid (at least in the northern colonies) as
well as penguin and sea lion carrion. The temporal coexis-
tence of the SGP breeding period and the potential carrion
availability also emphasize the idea of a prosperous sce-
nario to feed. While the chick-rearing period of the SGP
goes from early January to late April (Copello and Quin-
tana 2009a), Magellanic penguins hatch during November,
the chicks remain in the colonies up to early February, and
molting penguins (adults and juveniles) congregate at the
coast up to late March (Schiavini et al. 2005). At the Pata-
gonian rockeries, the sea lion pups born between December
and February and yearlings leave their breeding sites in late
April (Campagna 1985). In addition, the Southern Sea Lion
have shown a population recovery in the Patagonian coast
over the last few decades (Reyes et al. 1999; Dans et al.
2004), and penguin numbers have both increased and
declined, depending on the colony (Schiavini et al. 2005).
However, the penguin colonies located in the vicinities of
the SGP northern colonies at the San Jorge Gulf showed
increases in the number of breeding pairs during the last
decade (Croxall et al. 2008). Such a prosperous foraging
scenario may play a key role in the growth of the breeding
population of SGP Patagonian colonies (Quintana et al.
2006). The same trend was also observed in Malvinas
(Falkland) islands (Reid and Huin 2008) where breeding
giant petrels probably face similar physical and biological
marine landscapes to the Patagonian Shelf. Other pieces of
evidence (gathered from the northern SGP colonies) to sup-
port the idea of a favorable foraging conditions were related
with a constant high breeding performance reporting since
2001 breeding season (Quintana et al. 2006; Copello and
Quintana 2009a, F. Quintana unpub. data) and with a high
stability in the diet composition between 2001 and 2004
breeding seasons (Copello et al. 2008). The productivity of
Patagonian Shelf areas for foraging seabirds was also sug-
gested by Forero et al. (2004) who showed a high trophic
overlap within the seabird community and suggested that
the coexistence of this species could be interpreted as a
consequence of a superabundance of food in the area.

In addition to the scenario described above, previous
studies showed that the SGP population growth in Pata-
gonia could be also consequence of the high surplus of food
in form of discards from commercial fisheries. SGPs from

northern and southern colonies showed a high overlap with
the operational areas of a huge trawler fleet (Copello and
Quintana 2009b), and the species is one of the most
frequent seabirds associated with these kind of vessels in
the Patagonian Shelf (Gonzélez Zevallos and Yorio 2006;
Sullivan et al. 2006; Favero et al. 2010).

This study identified differences in the characterization
of the habitat use by both sexes of SGP in Patagonian
breeding colonies. Overall, females spent more time in the
shelf break and exploited deeper waters than males. In con-
trast, males spent more time in coastal areas where poten-
tial high concentration of carrion is located, and they also
showed a higher spatial overlap with areas of high squid
density than females. This study supports the findings of
previous studies carried on Subantarctic colonies where
sexual segregation was reported in diet (Hunter 1983;
Hunter and Brooke 1992), foraging behavior (Gonzilez-
Solis et al. 2002a), areas used at sea (Gonzaléz-Solis et al.
2008), and toxicity by metals (Gonzalez-Solis et al. 2002b).
More recent studies at the Patagonian colonies identified a
clear sexual segregation in the trophic level of SGP from
Arce and Gran Robredo colonies (Forero et al. 2005) and
differences in the foraging strategies and marine habitat use
of females and males (Quintana et al. 2010).

Finally, our increasing ability to understand individual
and population-level spatial usage is timely, since a large
proportion of pelagic seabirds (especially albatrosses and
large petrels) are threatened by incidental mortality in long-
line and trawl fisheries (Montevecchi 2002). Hence, knowl-
edge of their habitat use and preferences will be critical for
the monitoring and mitigation of these and other anthropo-
genic impacts on the marine environment. Future studies
should evaluate which are the variables that determine the
spatio-temporal distribution at sea of the SGP to therefore
predict the distribution of the species in relation to their
environment.

Acknowledgments This study was funded by Wildlife Conservation
Society, Agencia Nacional de Promocién Cientifica y Tecnoldgica
(PICT 1/6372) and Ecocentro Puerto Madryn. S. Copello was funded
by a PhD fellowship from CONICET and Agencia Nacional de Promo-
cion Cientifica y Tecnoldgica. We thank Centro Nacional Patagénico
for institutional support. We are grateful Patricia Dell’ Arciprete for her
assistance with GIS software and Enrique Crespo for providing update
data on sea lion rookeries. We thank Luke Finley for valuable com-
ments on the language of the manuscript. Revisions by three anony-
mous referees helped to improve the manuscript.

References

Acha EM, Mianzan H, Guerrero R, Favero M, Bava J (2004) Marine
fronts at the continental shelves of austral South America: physi-
cal and ecological processes. J Mar Sys 44:83-105

Arata J, Croxall JP, Huin N, Nicholls D, Phillips R, Quintana F,
Robertson CJR, Robertson G, Trathan P, Falabella V (2009)

@ Springer



1256

Mar Biol (2011) 158:1247-1257

Albatros. In: Falabella V, Campagna C, Croxall JP (eds) Atlas de
Mar Patagénico. Especies y espacios, pp 77-129

Awkerman JA, Fukuda A, Higuchi H, Anderson DJ (2005) Foraging
activity and submesoscale habitat use of waved albatrosses Phoe-
bastris irrorata during chick-brooding period. Mar Ecol Prog Ser
291:289-300

BirdLife International (2004) Tracking ocean wanderers: the global dis-
tribution of albatrosses and petrels. Results from the global Procel-
lariiform tracking workshop, 1-5 September, 2003, Gordon’s Bay,
South Africa. Birdlife International, Cambridge, UK

BirdLife International (2009) Macronectes giganteus. www.iucnred-
list.org. Accessed 27 July 2010

Brunetti NE, Ivanovic ML, Rossi GR, Elena B, Pineda S (1998) Fish-
ery biology and life history of Illex argentinus. In: Okuytani T
(ed) International Symposium on large pelagic squids. Japan
Marine Fishery Resources Research Center, pp 217-231

Campagna C (1985) The breeding cycle of the southern sea lion, Otar-
ia byronia. Mar Mammal Sci 1:210-218

Carboneras C (1992) Family Procellariidae (Petrels and Shearwaters).
In: Del Hoyo J, Elliot A, Sargatal J (eds) Handbook of the birds
of the world. Lynx Edicions, Barcelona, pp 216-271

Copello S, Quintana F (2009a) Breeding biology of the Southern Giant
Petrel (Macronectes giganteus) en Patagonia, Argentina. Ornitol
Neotrop 20:369-380

Copello S, Quintana F (2009b) Spatio-temporal overlap between
Southern Giant Petrels and fisheries at the Patagonian Shelf. Polar
Biol 32:1211-1220. doi:10.1007/s00300-009-0620-7

Copello S, Quintana F, Somoza G (2006) Sex determination and sexual
size-dimorphism in Southern Giant-Petrels (Macronectes gigan-
teus) from Patagonia, Argentina. Emu 106:141-146

Copello S, Quintana F, Perez F (2008) The diet of the Southern Giant
Petrel in Patagonia: fishery-related items and natural prey. Endan-
ger Species Res 6:15-23

Croxall JP, Quintana F, Ferrari M (2008) Indicadores: Tendencias de
las poblaciones de especies seleccionadas Estado de Conserva-
ci6én del Mar Patagénico y Areas de Influencia. Foro para la Con-
servacion del Mar Patagénico, Puerto Madryn

Cuthbert R, Hilton G, Ryan PG, Tuck GN (2005) At-sea distribution of
breeding Tristan albatrosses Diomedea dabbenena and potential
interactions with pelagic longline fishing in the South Atlantic
Ocean. Biol Conserv 121:345-355

Dans SL, Crespo E, Pedraza SN, Koen Alonso M (2004) Recovery of
the South American sea lion (Otaria flavescens) population in
northern Patagonia. Can J Fish Aqua Sci 61:1681-1690

Falabella V, Campagna C, Croxall JP (2009) Atlas del Mar Patagénico.
Especies y espacios. Wildlife Conservation Society, BirdLife
International, Buenos Aires

Favero M, Silva Rodriguez MP (2005) Estado actual y conservacion de
aves peldgicas que utilizan la plataforma continental argentina
como drea de alimentacién. E1 Hornero 20:95-110

Favero M, Blanco G, Garcia G, Copello S, Seco Pon J, Frere E, Quin-
tana F, Yorio P, Rabuffetti F, Cafiete G, Gandini P (2010) Seabird
mortality associated with ice trawlers in the Patagonian Shelf:
effect of discards on the occurrence of interactions with fishing
gear. Anim Conserv. doi:10.1111/j.1469-1795.2010.00405.x

Forero MG, Bortolotti GR, Hobson KA, Donazar JA, Bertellotti M,
Blanco G (2004) High trophic overlap within the seabird commu-
nity of Argentinean Patagonia: a multiscale approach. J Anim
Ecol 73:789-801

Forero MG, Gonzalez-Solis J, Hobson KA, Donézar JA, Bertellotti M,
Blanco G, Bortolotti GR (2005) Stable isotopes revel trophic seg-
regation by sex and age in the Southern Giant Petrel in two differ-
ent food webs. Mar Ecol Prog Ser 296:107-113

Gonzalez Zevallos D, Yorio P (2006) Seabird use of discards and inci-
dental captures at the Argentine hake trawl fishery in Golfo San
Jorge, Argentina. Mar Ecol Prog Ser 316:175-183

@ Springer

Gonzaléz-Solis J, Croxall JP, Afanasyev V (2008) Offshore spatial seg-
regation in giant petrels Macronectes spp.: differences between
species, sexes and seasons. Aquat Conserv Mar Freshwat Ecosyst
17:22-36

Gonzilez-Solis J, Croxall JP, Briggs DR (2002a) Activity patterns of
giant petrels, Macronectes spp., using different foraging strate-
gies. Mar Biol 140:197-204

Gonzilez-Solis J, Sanpera C, Ruiz X (2002b) Metals and selenium as
bioindicators of geographic and trophic segregation in giant
petrels Macronectes spp. Mar Ecol Prog Ser 244:257-264

Hunter S (1983) The food and feeding ecology of the giant petrels
Macronectes halli and M. giganteus at South Georgia. J Zool
200:521-538

Hunter S, Brooke MDL (1992) The diet of giant petrels Macronectes
spp. at Marion Island, Southern Indian Ocean. Colon Waterbirds
15:56-65

Hyrenbach KD, Fernandez P, Anderson DJ (2002) Oceanographic
habitats of two sympatric North Pacific albatrosses during the
breeding season. Mar Ecol Prog Ser 233:283-301

Louzao M, Hyrenbach D, Arcos JM, Pere A, De Sola LG, Oro D
(2006) Oceanographic habitat of a critically endangered Mediter-
ranean procellariiform: implications for the design of marine pro-
tected areas. Ecol Appl 16:1683-1695

Montevecchi WA (2002) Interactions between fisheries and seabirds.
In: Schreiber EA, Burger J (eds) Biology of marine birds. CRC
Press, Boca Raton, Florida, pp 527-557

Nel DC, Ryan PG, Nel JL, Klages N, Wilson RP, Robertson CJR, Tuck
GN (2002) Foraging interactions between Wandering Albatrosses
Diomedea exulans breeding on Marion Island and long-line fish-
eries in the southern Indian Ocean. Ibis 144:141-154

Patterson DL, Woehler EJ, Croxall JP, Cooper J, Poncet S, Peter H-UKM,
Hunter S, Fraser W (2008) Breeding distribution and
population status of the Northern Giant Petrel (Macronectes
halli) and the Southern Giant Petrel (M. giganteus). Mar Ornithol
36:115-124

Phillips RA, Silk JRD, Croxall JP, Afanasyev V (2006) Year-round dis-
tribution of white-chinned petrels from South Georgia: relation-
ships with oceanography and fisheries. Biol Conserv 129:336-347

Piola A (2003) Oceanographic regimes and sea surface temperature.
Sea Sky Project—Wildlife Conservation Society, New York

Quintana F, Schiavini A, Copello S (2005) Estado poblacional, ecolog-
fa y conservacién del Petrel Gigante del Sur (Macronectes gigan-
teus) en Argentina. Hornero 20:25-34

Quintana F, Punta G, Copello S, Yorio P (2006) Population status and
trends of Southern Giant Petrels (Macronectes giganteus) breed-
ing in North Patagonia, Argentina. Polar Biol 30:53-59

Quintana F, Croxall JP, Gonzdlez-Solis J, Phillips R, Trathan P,
Falabella V (2009) Petreles. In: Falabella V, Campagna C, Croxall
JP (eds) Atlas del Mar Patagénico. Especies y espacios, pp 132-163

Quintana F, Dell’ Arciprete P, Copello S (2010) Foraging behavior and
habitat use by the Southern Giant Petrel on the Patagonian Shelf.
Mar Biol 157:515-525

Redfern JV, Ferguson MC, Becker EA, Hyrenbach KD, Good C,
Barlow J, Kaschner K, Baumgartner MF, Forney KA, Ballance
LT, Fauchald P, Halpin P, Hamazaki T, Pershing AJ, Qian SS,
Read A, Reilly SB, Torres L, Werner F (2006) Techniques for
cetacean-habitat modeling. Mar Ecol Prog Ser 310:271-295

Reid T, Huin N (2008) Census of the Southern Giant Petrel population
of the Falkland Islands 2004/2005. Bird Conserv Int 18:118-128

Reyes LM, Crespo E, Szapkievich V (1999) Distribution and popu-
lation size of the Southern Sea Lion (Otaria flavescens) in cen-
tral and southern Chubut, Patagonia, Argentina. Mar Mammal
Sci 15:478-493

Rivas AL, Dogliotti Al, Gagliardini A (2006) Seasonal variability in
satellite-measured surface chlorophyll in the Patagonian Shelf.
Cont Shelf Res 26:703-720


http://www.iucnredlist.org
http://www.iucnredlist.org
http://dx.doi.org/10.1007/s00300-009-0620-7
http://dx.doi.org/10.1111/j.1469-1795.2010.00405.x

Mar Biol (2011) 158:1247-1257

1257

Schiavini A, Crespo E, Szapkievich V (1999) Estado de la poblacién
del lobo marino de un pelo (Otaria flavescens) en las provincias
de Santa Cruz y Tierra del Fuego. Fundacién Patagonia Natural,
40, Puerto Madryn, Argentina

Schiavini A, Yorio P, Gandini P, Raya Rey A, Boersma D (2005) Los
pingiiinos de las costas argentinas: estado poblacional y conserva-
cién. El Hornero 20:5-23

Sullivan BJ, Reid T, Bugoni L (2006) Seabird mortality on factory
trawlers in the Falkland Islands and beyond. Biol Conserv
131:495-504

Terauds A, Gales R, Baker B, Alderman R (2006) Foraging areas of
black-browed and grey-headed albatrosses breeding on Macqua-
rie Island in relation to marine protected areas. Aquat Conserv
Mar Freshwat Ecosyst 16:133-146

Worton BJ (1989) Kernel methods for estimating the utilization distri-
bution in home-range studies. Ecology 70:164-168

Yen PPW, Sydeman WJ, Hyrenbach KD (2004) Marine bird and ceta-
cean associations with bathymetric habitats and shallow-water
topographies: implications for trophic transfer and conservation.
J Mar Syst 50:79-99

@ Springer



	Oceanographic and biological landscapes used by the Southern Giant Petrel during the breeding season at the Patagonian Shelf
	Abstract
	Introduction
	Methods
	Results
	Oceanographic landscape
	Oceanographic regimes
	Bathymetry
	Sea surface temperature
	Chlorophyll concentration

	Biological landscape
	Squid
	Sea lion and penguin carrion


	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


